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Reduction of spontaneous mutation rates in cells 
Description 

The present invention relates to processes for reducing the sponta- 
neous mutation frequencies in cells or organisms and for producing 
such cells and organisms, to cells and/or organisms with reduced 
5 spontaneous mutation frequencies and to processes for the genera- 
tion of expression systems for proteins, for the production of proteins 
and for the production of fermentation products by using cells with 
reduced spontaneous mutation frequencies. 

Mutation is a characteristic of living systems and provides the mate- 
10 rial for natural selection. Organisms such as bacteria constantly un- 
dergo spontaneous mutations. The rates of mutations vary greatly 
according 1o the organism, the size of, for example, a particular gene 
and the sensitivity of a gene to inactivation by base pair per substitu- 
tions. In Escherichia coli the value of mutations per genome per ge- 
15 nome replication is u g = 0,0025 and the mutation rate per base pair 
per replication is u b = 5,4 x 10~ 10 within a genome size of 4.6 x 10 s 
base pairs. The rate of even a single well-defined pathway such as 
G-C-*A-T can vary by more than 2000-fold at different sites within a 
single gene, presumably under the still largely mysterious influences 
20 of local DNA sequence and structure of the DMA. Both the kind of 
mutations and the processes that generate them are diverse and 
only partially discovered. 

Mutations are also important in multicellular organisms. However, 
here two different kinds of changes in the genetic material have to 
25 be distinguished, namely mutations in gametes, i.e. germ line muta- 
tions, and changes in body cells, i.e. somatic mutations. Whereas 
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germline mutations are passed on to the offspring of the organism, 
somatic mutations are not. However, somatic mutations can be im- 
portant as they contribute to the development of cancer, in detection 
of germline mutations,, in particular in humans and measurement of 
5 human mutation rates, there is the problem of diploidy. Most forward 
mutations are recessive and so will not be detected unless a zygote 
gets two copies of the mutant allele. Reversions are generally much 
less frequent because there are a lot more ways to mutate a gene 
than there are to reverse an existing mutation. From in vivo studies 
it 0 using human cells in vitro it is estimated that the overall human mu- 
tation rate is very similar to those measured in various prokaryotic 
and eukaryotic~ microorganisms: 

Mutations, such as heritable alterations in the genetic material may 
be gross alterations, in particular at the level of the chromosome, or 

15 point alterations which may not be visible as cytological abnormali- 
ties. Point mutations include base pair substitutions such as transi- 
tions and transversions and frameshift mutations. The consequences 
of base substitution mutations in protein coding regions of a gene 
depend on the type of substitution and its location. Such base pair 

20 substitutions might be silent, Le. do not result in a new amino acid 
residue in the protein sequence. However, they can also result in an 
amino acid substitution. Such missense-mutations may have very 
serious consequences, as in the case of sickle-cell anemia, mild 
consequences or no consequences at ail. Finally, base substitutions 

25 in a protein coding region may mutate an amino acid codon to a ter- 
mination codon or vice versa. The formerly type, which results in a 
prematurely shortened protein, is referred as a nonsense mutation. 
Base substitution mutations may also occur in sequences involved in 
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the regulation of the expression of a gene such as in promoters or 
S'-regulatory regions of genes or in introns and may effect their tran- 
scription, translation or splicing. Many of the (^-thalassemias are the 
result of this types of non-structural mutations that effect the level of 
5 expression of the globin genes. Frameshift mutations result from the 
insertion or deletion of one or more (but not in multiples of three) 
nucleotides in the coding region of a gene. This causes an alteration 
of the reading frame. A mutation of this sort changes alt the amino 
acids downstream and is very likely to create an non-functional 
iO product since it may differ greatly from the normal protein. 

Spontaneous mutations can occur as a result of natural processes in 
the celt which can be distinguished from induced mutations, i.e. mu- 
tations that occur as a result of the interaction of DNA with an out- 
side agent or mutagen. An important source of spontaneous muta- 

15 tions are mistakes in DNA replication, for example due to the incor- 
rect action of a DNA polymerase. The frequency at which DNA po- 
lymerases make mistakes will influence this spontaneous mutation 
frequency whereby it has been observed that different DNA poly- 
merases vary in there accuracy. One major factor affecting the DNA 

20 polymerase accuracy is the presence of a proofreading 3-5' exonu- 
clease which will remove incorrectly paired bases inserted by the 
polymerase. The function of the 3'-5 J exonuclease is to prevent mis- 
incorporation during DNA replication and to prevent mutations. 

Another major source of spontaneous mutations are structural altera- 
25 tions of the bases of nucleic acids called tautomerization. Bases are 
capable of existing in two forms between which they interconvert. 
For example, guanine can exist in keto and enot forms. The various 
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tautomer forms of the bases have different pairing properties. If dur- 
ing DNA replication G is in the enol form, the DNA polymerase will 
add T across from it instead of the normal C. Therefore, tautomeriza- 
tion is responsible for transition mutations. Another mutagenic proc- 
5 ess occurring in cells is spontaneous base degradation. The deami- 
nation of cytosine to uracil happens ait a significant rate in cells. 
Deamination can be repaired by a specific repair process which de- 
tects uracil, not normally present in DN>A; otherwise the U wiH cause 
A to be inserted opposite it and can cause a C:G to T:A transition 

10 when the DNA is replicated. A third type of spontaneous DNA dam- 
age that occurs frequently is damage to the bases by free radicals of 
oxygen. These arise in cells as a result of oxidative metabolism and 
also are formed by physical agents such as radiation. An important 
oxidation product is 84iydroxyguanine, which mispairs with adenine, 

15 resulting in G:C to T:A transversions. Still another type of spontane- 
ous DNA damage is alkylation, the addition of atkyt groups to the 
bases or backbone of DNA. Alkylation cxan occur through reaction of 
compounds such as S-adenosyl methionine with DNA. Alkylated ba- 
ses may be subject to a spontaneous break down or mispairing. 

20 Furthermore, spontaneous frameshift mutations can also arise by a 
mechanism called "slipped mispairing" between the template strand 
and the newly synthesized strand during DNA replication. 

Spontaneous mutations arise randomly at any site of the genome, 
whereby most of the spontaneously occurring mutations are detri- 
25 mental to the organism affected and the probability of the arise of an 
advantageous mutation is very low. Therefore, organisms have 
evolved mechanisms to protect themselves from excessive mutation 
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rates. These protective mechanisms recognize and correct mis- 
matches that have occurred in DNA as a result of replication or 
spontaneous deamination of the DNA and recognize and remove 
potentially mutagenic changes that have occurred as a result of the 
5 reaction of DNA with exogenous or endogenous mutagens. 

in particular in biotechnology processes such as fermentation proc- 
esses mutations are highly undesired. Since mutations can occur in 
any part of the genome of the fermenting cell they can affect the for- 
mation or the composition of the fermentation product If, for exam- 

1 0 pie, the fermentation product is a protein, a mutation of the nucleic 
acid sequence encoding the protein can lead to a protein variant 
with an altered amino acid sequence. Even if only a minor portion of 
the fermenting cells is affected by the mutation this can result in a 
final protein preparation which is contaminated with that variant. This 

15 can have dramatic unforeseeable consequences in such cases 
where the protein shall be used for the therapy of a disease in hu- 
mans, for example, if the antigenic properties of the protein are al- 
tered. The arise of mutations within the population of fermenting 
cells can also influence the rate of the product formation, if the rnuta- 

20 tion for example affects an upstream regulatory pathway such as an 
enzyme involved in the formation of the fermentation product or a 
regulatory unit which controls the expression of the fermentation 
product desired. 

Furthermore, even if mutations are rare events affecting only a minor 
25 portion of a population of fermenting cells they can spread quickly in 
such a population if they confer the cells affected a selective advan- 
tage in comparison to non-mutated cells. In particular in continuous 
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cultures with a constant removal of cells to maintain a steady-state 
this can lead with advancing duration of the cultivation to a progres- 
sive decrease of the non-mutated cells relative to the mutated cells. 

Another reason, why mutations in particular during fermentation are 
5 highly undesired is the phenomenon of the so-called stationary- 
phase mutation, which is also called adaptive mutation. When popu- 
lations of microorganisms are exposed to non-lethal selections such 
as that occurring during the stationary-phase of the fermentation, 
mutations that relieve the selective pressure arise with high fre- 

10 quency (Cairns et al., Genetics, 128 (1991), 695-701). Although it 
originally seemed that only useful mutations appeared, it is now 
clear that selected mutations are accompanied by non-selected mu- 
tations, i.e., the process is not directed to useful genes (Foster, J. 
Bacteriol., 179 (1997), 1550-1554). Most research on adaptive muta- 

15 tion has focused on a strain of Escherichia coli that cannot utilize 
lactose (Lac") but that readily reverts to lactose utilization (Lac + ) 
when lactose is its only carbon source. The process that produces 
adaptive mutation is not the same as that, which produces Lac + mu- 
tations during normal growth. Unlike growth-dependent mutations, 

20 almost all adaptive Lac + mutations are dependent on recombination 
functions, such as the homologous recombination function of the 
RecBCD double-strand break (DSB) repair system of & coli (Cairns 
et al., Genetics, 128 (1991), 695-701; Foster, Annu. Rev. Microbiol., 
47 (1993), 467-504; Harris et al., Science, 264 (1994), 258-260). 

25 Therefore, the technical problem underlying the present invention is 
to provide means and methods for the production of a fermentation 
product, such as a protein, by a cell or an organism, wherein the 
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producing cell or organism is protected and/or stabilised against 
spontaneously occurring mutations, in particular during the station- 
ary-phase of the fermentation process, and whereby both the rate of 
the formation and the composition of the fermentation product, in 
5 particular the protein, is secured and protected on a long-term scale. 

The present invention solves this technical problem by providing a 
process for reducing the spontaneous mutation frequencies in a cell 
or an organism by introducing at least two mutations, whose com- 
bined actions lead to at least two enhanced cellular DNA repair 
10 mechanisms, into the cell or organism. 

The present invention solves the underlying technical problem also 
by providing a process for producing a cell or an organism with re- 
duced spontaneous mutation frequencies by introducing at least two 
mutations, whose combined action lead to at least two enhanced 
15 cellular DNA repair mechanisms, into at least one cell of the organ- 
ism and regenerating the organism therefrom, if the organism is a 
multi-cellular organism. 

According to the invention the capability of cellular DNA repair 
mechanisms to correct spontaneously occurring mutations is greatly 

20 enhanced, whereby at least two different mutations, which affect dif- 
ferent repair systems are introduced into the cell. Advantageously, 
the enhanced capability of the cellular DNA repair mechanisms to 
correct spontaneously occurring mutations obtained by the inventive 
introduction of at least two different mutations leads to an reduced 

25 frequency of stably inherited mutation in the cell and thus to an over- 
all reduced mutation rate. 
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Thus, according to the invention it was surprisingly found that by 
altering certain cellular DNA repair mechanisms, in particular by the 
introduction of such specific mutations, that enhance the capability 
of these DMA repair systems to repair spontaneously occurring mu- 
5 tations more efficiently, the spontaneous mutation rates of wild-type 
cells can dramatically be decreased. For example, according to the 
invention it was surprisingly found, that overexpression of the MutS 
protein leads during the growth phase to a significant reduced muta- 
bility of the host cell. This is, however, in contrast to results de- 

10 scribed in the state of art. According to US patent 6,656,736 overex- 
pression of wild-type or mutant MMR proteins from yeast or other 
organisms result in a defective mismatch repair system, whereby 
yeast cells with such a defective mismatch repair system are hyper- 
mutable. Furthermore, a bacterial strain carrying the deletion cff/rSl 0 

15 and the antimutator allele d/?a£911 shows a 10-fold reduced muta- 
bility in comparison to the corresponding wild-type strain. An addi- 
tional overexpression of the protein MutL involved in the mismatch 
repair system drops the mutability up to a factor of 50. In another 
system it could be shown that the reversion of specific frameshift 

20 mutations could be even decreased by a factor of 1000. In this way 
not only growth-dependent mutation rates can be significantly de- 
creased, but also the mutation rates during adaptive mutation, i.e. 
the stationary-phase dependent mutation rates. Surprisingly the ef- 
fects of several mutations on the spontaneous mutation rate of the 

25 host cell observed appear to combine in a synergistic, but not in an 
additive manner. 

Furthermore, according to the invention it was surprisingly found that 
the introduction of these mutations not only leads to an enhanced 
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capability of the cellular DNA repair mechanisms to correct sponta- 
neously occurring mutations, but advantageously also to a greatly 
increased cellular viability. For example, it was found that overex- 
pression of the MutL protein in a fermenting bacterial strain in- 
5 creased the cellular viability by a factor of about 1 0 3 . 

The inventive reduction of the spontaneous mutation rates in cells 
and the inventive increase in cellular viability by introducing several 
mutations enhancing the capability of cellular DNA repair mecha- 
nisms to correct spontaneously occurring mutations rs in particular of 

1 0 great value for such cells or strains which are used for the expres- 
sion and/or generation of fermentation products such as proteins. By 
the use of such cells for example the amino acid sequence of protein 
products obtained can advantageously maintained unchanged over 
many generations of the producing cell or organism. Protein prepa- 

1 5 rations obtained by the use of such cells are not contaminated by 
protein variants due to mutation and therefore do not cause any 
problems upon application as therapeutic agents and do not lead to 
undesired effects in the recipient body. The use of such inventive 
cells with enhanced capabilities of cellular DNA repair mechanisms 

20 is in particular useful for the production of recombinant proteins. 

However, the use of the inventive cells with an enhanced capability 
of cellular DNA repair mechanisms is not restricted to the production 
of proteins by fermenting cells. In principal, the inventive cells can 
be used for alt kinds of fermentation products such as antibiotics, 
25 organic acids etc. The greatly reduced spontaneous mutation rates 
in these cells provide not only for the maintenance of the integrity of 
the product composition on a long-term scale, but also for the main- 
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tenance of high rates of product formation since due to the de- 
creased mutation rates in the host cells also those factors which 
control the effectiveness of the rate of product formation will remain 
stable and unchanged. 

5 In the context of the present invention the term "mutation that leads 
to an enhanced capability of a cellular DNA repair mechanism" 
means any heritable alteration of that part of the genome of a cell 
which encodes proteins or enzymes involved in at least one specific 
DNA repair mechanism or any heritable alteration of that part of the 

TO genome which is involved in the regulation of the expression of such 
constituents of a cellular DNA repair mechanism, that leads to an 
enhanced recognition and correction of genomwide errors within a 
cell or organism that have occurred in DNA as a result of replication 
or spontaneous deamination of the DNA or any other natural proc- 

15 esses leading to spontaneously occurring mutations. A "mutation 
that leads to an enhanced cap-ability- of a cellular DNA repair mecha- 
nism* therefore provides for a more efficient and more accurate cor- 
rection of spontaneously occurring errors within the genome of a 
given cell or organism. 

20 A "mutation that leads to an enhanced capability of a cellular DNA 
repair mechanism* therefore leads to a reduced frequency of stably 
inherited mutations within a population, i.e. to a reduced mutation 
frequency of that population, fn the context of the present invention 
"mutation frequency" is defined as the ratio of the number of mutants 

25 to the total number of individuals of a population. A "mutation that 
leads to an enhanced capability of a cellular DNA repair mechanism" 
also leads to a reduced mutation rate, which is defined as the prob- 
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ability, with which a given gene will mutate during replication and 
with which this mutation of the gene will be stably inherited. Fur- 
thermore, in the context of the present invention a mutation that 
leads to an enhanced capability of a cellular DNA repair mechanism 
5 also leads to a reduction of transposon-mediated mutagenesis. 

A cell or organism therefore exhibits due to the presence of a muta- 
tion that leads to an enhanced capability of a cellular repair mecha- 
nism a very low spontaneous mutation rate, which is in particular 
considerably lower than that of a corresponding cefi or organism 

10 without that mutation. Mutations that lead to an enhanced capability 
of a cellular DNA repair mechanism include, without being restricted 
to, deletions of structural genes encoding enzymes involved in cellu- 
lar DNA repair, for example a deletion of the structural gene of an 
error-prone DNA polymerase; substitutions, deletions, inversions 

15 and/or addition of bases in a structural gene encoding an enzyme 
involved in cellular DNA repair, which, for example can lead to an 
antirnutator phenotype or an improved fidelity of a DNA polymerase, 
overexpression of a protein, which becomes limiting during a certain 
phase of growth, differentiation or propagation of a celt or organism, 

20 reduced expression of a protein, for example an error-prone DNA 
polymerase, etc.. In the context of the present invention, each indi- 
vidual mutation that leads to an enhanced capability of a cellular 
DNA repair mechanism, can, however, also lead to an enhanced 
capability of a second or third cellular DNA repair mechanism. Fur- 

25 thermore, each individual mutation that leads to an enhanced capa- 
bility of a cellular DNA repair mechanism, can also lead to an en- 
hanced cellular viability. 
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In the context of the present invention the term "two mutations, 
whose combined actions lead to at least two enhanced cellular DNA 
repair mechanism" means that both mutations affect at least two dif- 
ferent DNA repair mechanisms such that the capability of these DNA 
5 repair systems to repair spontaneously occurring genomwide muta- 
tions more efficiently and/or more accurately is enhanced in com- 
parison to the non-mutated DNA repair systems. 

In the context of the present invention, the term "cellular DNA repair 
mechanism" means an enzymatic mechanism or system by which a 

1 0 cell or organism is able to recognize and correct any error in the ge- 
nome that occurs by DNA replication and/or that is due to base al- 
terations and base damage. In preferred embodiments of the inven- 
tion these cellular DNA repair mechanisms include the mismatch 
repair system, the post-replicative (recombinational) repair system 

15 and the SOS repair system. Mutations that lead to an enhanced 
mismatch repair are in particular those, which overcome a situation 
where one of the proteins involved in mismatch repair becomes limr 
ited. 

The "mismatch repair system" (MMR) accounts for 99% of all repair 
20 events in cells. This system is the largest contributor to replication 
fidelity in E. coli whereby it also acts in other DNA repair pathways 
by the involvement of its component proteins in transcription-coupled 
DNA repair and very-short-patch repair. MMR also enforces genetic 
stability by suppressing recombination between imprecise homolo- 
25 gies that can otherwise cause genome rearrangements. Mismatch 
repair also promotes genetic stability by editing transposon excision. 
Homologs of the E. coli MMR proteins perform similar functions in 
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other bacteria, yeast, mice and humans (Modrich, Science, 266 

(1994) , 1959-1960; Radman et ai., Phil. Trans. R. Soc. London, 347 

(1995) , 97-103). In E. coii the gene products of mutH, mutL, mutS 
and mutU are involved in MMR. The system recognises the newly 
synthesized strand rather than the parent strand because of methy- 
lation. The mutS gene product recognizes and binds to DNA base 
mismatches. The mutL gene product interacts with MutS after mis- 
match binding and is thought to coordinate MutS with MutH. The 
MutH exonuclease then nicks the unmetylated new DNA strand. The 
MutU helicase enters DNA at the single-strand nick and displaces 
the nicked strand. Mutations that lead to an enhanced mismatch re- 
pair are in particular those, which overcome a situation where one of 
the proteins involved in mismatch repair becomes limited. 

Post-replicative repair is a system, wherein lesions in the DNA are 
15 repaired in the following replication round. Due to replication of the 
damaged DNA in the daughter strands gaps are created. The miss- 
ing genetic information is filled by corresponding DNA regions from 
the parental strand by recombination. Replication of damage- 
containing DNA, a process, which is also catted translesion syntfte- 
20 sis, is a major source of point mutations. Recently, this process has 
gained much understanding as the DNA polymerases involved have 
been identified (Friedberg et al., Proc. Natl. Acad. Sci. USA, 97 
(2000), 5681-5683). 

The SOS response is a set of cellular responses induced by the ex- 
25 posure of ceils to a variety of genotoxic and metabolic stresses 
which generally interfere with DNA replication. Regulation of the 
SOS system is mediated by the LexA and RecA proteins. LexA acts 
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as a repressor of about 30 different genes including recA and lexA. 
The SOS inducing signal is single-stranded DNA, to which RecA 
binds and becomes activated as a coprotease (RecA*). RecA* pro- 
motes proteolytic self-cleavage of the LexA repressor and of some 
5 phage repressors, thus derepressing the SOS regulon. Escherichia 
coii has at feast three SOS inducible polymerases: polymerase II 
(Pol II), polymerase IV (Pol IV) and polymerase V (PolV). 

According to the invention at least two mutations are selected from a 
.mutation leading to an up-regulation of the expression of the MutL 

1 0 protein or a homologous protein thereof, from a mutation leading to 
an up-regulation of the expression of the MutS protein or a homolo- 
gous protein thereof, an antimutator allele of a gene encoding DNA 
polymerase IV or a homologous protein thereof and an antimutator 
allele of a gene encoding a subunit of DNA polymerase III or a ho- 

15 mologous protein thereof. In the context of the present invention "an- 
timutator allele" means an allele which causes a decrease in the 
spontaneous mutation frequencies in a cell or organism in compari- 
son to the corresponding wild-type cell. 

In a particular preferred embodiment of the invention, the up- 
20 regulation of the expression of MutL or a homologous protein thereof 
and the expression of MutS or a homologous protein thereof, respec- 
tively, is achieved by introducing a vector within the cell, wherein the 
vector comprises the rnutL gene or a gene encoding a homologous 
protein of MutL and the mutS gene or a gene encoding a homolo- 
25 gous protein of MutS, respectively, under the functional control of 
one or more regulatory units allowing an overexpression of the re- 
spective Mut protein. Preferably, the vector is a multicopy plasmid. 



14 



WO 2005/083108 



PCT/EP2005/002067 



Preferably, the regulatory unit Is an inducible or constitutive pro- 
moter. 

In another preferred embodiment of the invention the up-reguiation 
of the expression of MutL or a homologous protein thereof and the 
5 expression of MutS or a homologous protein thereof, respectively, is 
achieved by alterations of those regulatory units which direct the 
expression of the native Mut protein of the host cell or host organism 
such that higher amounts of the native Mut protein are produced in 
the cell than that usually observed in the cell. This means, that regu- 

10 latory units directing the transcription of the chromosomal ly located 
native nucleotide sequence encoding the respective Mut protein into 
a complementary RNA sequence and/or and the translation of the 
coding RNA sequence thus obtained into the polypeptide chain of 
the Mut protein are mutated or replaced by other suitable homolo- 

15 gous or heterologous regulatory units such that a higher production 
of the native Mut protein than that observed in a corresponding wifd- 
type cell or organism is obtained. 

In another embodiment of the invention an overexpression of the 
respective Mut protein is achieved by the introduction of one or more 
20 additional copies of the respective mut gene under the functional 
control of appropriate regulatory units into the ohromosome(s) of the 
host cell, whereby the additional mut gene(s) can either be the na- 
tive genets) or (an) heterologous gene(s) derived from another spe- 
cies. 

25 In a preferred embodiment of the invention, the antimuiator allele of 
the gene encoding DMA polymerase IV or a homologous protein 
thereof is dinB10 which is in fact a deletion of the dinB-gene. The 
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dinB-encoded DNA polymerase IV (Pol IV) belongs to the recently 
identified Y-family or UrnuC/DinB nucleotidyltransferase family of 
error-prone DNA polymerases. This family is represented by the 
UmuC, DinB, Rad3Q and Rev1 subfamilies (Gerlach et a!., Proa 
5 Natl. Acad. Sci. USA, 96 81999), 11922-11927). The c///?S-encoded 
DNA polymerase IV of E. coli has been shown to be involved in 
spontaneous mutagenesis and in the replication of a damage- 
containing DNA, a process termed translesion synthesis (TLS), a 
major source of point mutations. Like DNA polymerase V, Pol IV is 
10 also induced as part of the SOS response to DNA damage. 

In another preferred embodiment of the invention, an antimutator 
allele of a gene encoding a subunit of DNA polymerase lit is used, 
which is preferably c/na£911. DNA polymerase III holoenzyme (Pol 
III HE) accounts for more than 90% of cellular DNA synthesis and is 

15 also required for the major post-replicative mismatch correction 
pathway. Polymerase HI holoenzyme was shown to effectively carry 
out translesion DNA synthesis past abasic sites. The dnaE gene of 
E. coti encodes the a-subunit of DNA polymerase III holoenzyme, 
which provides the polymerase activity. The a-subunit therefore is 

20 one of the main determinants of fidelity. From Fijalkowska and 
Schaaper, J. Bact, 177 (1995), 5979-5986, several dnaE antimuta- 
tor alleles are known, which suppress the elevated mutability of a 
mismatch repair defective rnutL strain. 

According to the invention, the combined action of the mutations 
25 dinBIO and cfr?a£91i reduces the spontaneous mutation frequency 
of a cell in comparison to a wild-type ceil or wild-type organism, at 
least 10-fold. In another preferred embodiment of the invention, the 
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combined action of dinBIO, dnaE911 and the overexpressed MutL 
protein reduces the spontaneous mutation frequency in a ceil in 
comparison to a wild-type cei! or wild-type organism at least 50-fold. 

The at least two mutations, whose combined action lead to en- 
5 hanced cellular DNA repair mechanisms and/or an enhanced cellular 
viability can be introduced by any known procedure into a cell, in 
particular by either mutagenesis of a given cell in order to mutate a 
gene known to be involved in one of the cellular DNA repair systems 
or by introduction of already known mutations or alleles into that 
\ 0 cells. 

A number of different mutagenesis methods exist, including, but not 
restricted to random mutagenesis, site-directed mutagenesis, oli- 
gonucleotide cassette mutagenesis, or point mutagenesis by error- 
prone PCR. Random mutagenesis, for example, entails the genera- 

15 tion of a large number of randomly distributed, nucleotide substitu- 
tion mutations in cloned DNA fragments by treatment with chemicals 
such as nitrous acid, hydrazine, etc. Error-prone PCR has been de- 
veloped to introduce random point mutations into cloned genes. 
Modifications that decrease the fidelity of the PCR reaction include 

20 increasing the concentration of MgCI 2 , adding MnCI 2 ., or altering the 
relative concentrations of the four dNTPs. These traditional 
mutagenesis methods focus on the alteration of individual genes 
having discrete and selectable phenotypes. The general strategy is 
to clone a gene, establish an assay by which the gene and/or its 

25 function can be monitored, mutate selected positions in the gene 
and select variants of the gene for altering the function of the gene. 
A variant having altered functions can then be introduced and ex- 
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pressed in a desired cell type. Repetitive cycles of mutagenesis 
methods can be carried out to obtain desirable functions of the gene. 
Another approach to alter the function of a gene is by recombination 
by using one of the numerous well-established systems. 

5 Of course already existing alleles or mutations can be used for the 
inventive purposes. Such existing alleles or mutations can be intro- 
duced into the cell by any of the known procedures. According to the 
invention the introduction of the at least two mutations into a cell can 
be effected by any known appropriate method including, but not re- 
10 stricted to, transformation, conjugation, transduction, sexduction, 
infection and/or electroporation. 

In the context of the present invention the term "transformation" 
means the uptake of an isolated, preferably purified, nucleic acid 
molecule from the environment by a cell, for example a microbial 

15 celt. "Conjugation" means the plasm id-mediated transfer of a bacte- 
rial plasmid from one bacterial cell into another bacterial cell through 
eell-to-cetJ-contact. The transfer machinery involved is usually en- 
coded by plasmids or conjugative transposons. Examples of such 
plasmids are conjugative plasmids or helper plasmids. Conjugation 

20 is one of the major routes for genetic exchange between different 
phylogenetic groups of prokaryote cells and between prokaryotes 
and eukaryotes. "Transduction" means the transfer of a nucleic acid 
molecule from one bacterial ceil into another bacterial cell by a bac- 
teriophage, which comprises the release of a bacteriophage from 

25 one cell and the subsequent infection of the other cell. There are two 
types of transduction. A spezialized transduction may occur during 
the lysogenic life cycle of a temperate bacteriophage, whereby ge- 
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netic material of bacteria can replace a part of the bacteriophage 
genome. This piece of bacterial DNA replicates as a part of the 
phage genome can be transferred by the phage into another recipi- 
ent cell. In case of a generalized transduction the entire genome of a 
5 lytic phage can be replaced by bacterial DNA "Electroporation" is a 
process where cells are mixed with nucleic acid molecules and then 
briefly exposed to pulses of high electrical voltage. The cell mem- 
brane of the host cell is penetrable thereby allowing foreign nucleic 
acids to enter the host cell. 

10 The cell used in the inventive process for reducing the spontaneous 
mutation rates, and in the. inventive process for generating a cell or 
organism with reduced spontaneous mutation rate can be any pro- 
karyotic or eukaryotic cell. 

The terms "eukaryotic cell" and "eukaryotic host cell" include any 
15 cells that have a membrane-bound nucleus and organelles and ge- 
netic material organized in chromosomes in which the DNA is com- 
bined with histones. The cytoskeleton is another feature unique to 
the eukaryotes, which is a network of protein filaments, mostly actin 
and tubulin, which are anchored to the cell membrane and criss- 
20 cross the periphery of the cell. "Eukaryotes" comprise the taxonomic 
kingdoms Protista, Fungi, Plantae and Animalia. Eukaryotes can be 
unicellular organisms such as protists, for example Paramecium and 
amoebae, or multicellular organisms such as diverse fungi, animals 
and plants. In a preferred embodiment of the inventive processes for 
25 reducing spontaneous mutation rates animal cells, plant cells or fun- 
gal cells are used. 



19 



WO 2005/083108 



PCT/EP2005/002067 



The terms "prokaryotic cell" and "prokaryotic host cell" include any 
cell, in which the genome is freely present within the cytoplasm as a 
circular structure, i.e. a cell, in which the genome is not surrounded 
by a nuclear membrane. A prokaryotic cell is further characterized in 
5 that it is not necessarily dependant on oxygen and its ribosomes are 
smaller than that of eukaryotic ceils. Prokaryotic cells include ar- 
chaebacteria and eubacteria. In dependence on the composition of 
the cell wall eubacteria can be divided into gram-positive bacteria, 
gram-negative bacteria and cyanobacteria. In a preferred embodi- 
10 ment of the inventive process for reducing spontaneous mutation 
rates or for generating corresponding organisms the prokaryotic cell 
used is a celt of an archaebacterium or an eubacterium, whereby 
particularly preferred the prokaryotic cell is a gram-negative bacte- 
rium, a gram-positive bacterium or an cyanobacterium. 

15 The present invention also relates to a cell with a reduced sponta- 
neous mutation frequency and/or an enhanced cellular viability, 
which is obtainable by the inventive process for reducing the spon- 
taneous mutation frequencies in a cell or an organism or by the 
inventive process for producing a cell or an organism with reduced 

20 spontaneous mutation frequencies, wherein the cell comprises at 
least two mutations, whose combined actions lead to at least two 
enhanced cellular DNA repair mechanisms. In a preferred embodi- 
ment of the invention the cell is a bacterial cell, for example a gram- 
negative bacterium such as E. coll or a gram-positive bacterium such 

25 as Bacillus subt/Jis, a fungal cell, plant cell or animal cell such an in- 
sect cell or mammalian cell. 
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In a particular preferred embodiment of the invention the bacterium 
is E. coli MG1655dinB10 containing plasmid pmutL, E coli 
MG1655dinB10 rnutL::iei containing plasmid pmutL, E. coli MG1655 
dnaE zae: :cm containing plasmid pmutL, E. coli MG1655 dnaE 
5 zae::cm mutL::\si containing plasmid pmutL, E. coli MG1655dinB10 
dnaE zae::cm, E, coli MG1855dinB10 ctoaEzae::cm mutL/Aet, E. coli 
MG1655dinB10 dnaE zae::cm containing plasmid pmutL or E coli 
MG1655dinBlO dnaE zae::cm mutL::tet containing plasmid pmutL. 

The present invention also relates to the use of the inventive cells 
10 with reduced spontaneous mutation rates and/or enhanced cellular 
viability for the generation of organisms with reduced spontaneous 
mutation rates, the use of the inventive cetts as host cells for the ex- 
pression of a protein, the use of the inventive cells as fermenting 
organisms for tfte production of fermentation products, the use of the 
15 inventive cells as model system for studying the effects of candidate 
drugs, the use of the inventive cells as model system for studying 
human, animal or plant diseases, and the use of the inventive cells 
for the generation, in particular breeding or cultivation of transgenic 
organisms. 

20 The person skilled in the art knows numerous procedures how a 
complete multi-ceHular organism, in particular a plant or an animal, 
can be generated from single cells. Multi-cellular organisms which 
are generated from the inventive cells are Hkewrse characterized by 
overall reduced spontaneous mutation rates. 

25 The present invention also relates to an organism with reduced 
spontaneous mutation frequencies, which is obtainable by the inven- 
tive process for reducing the spontaneous mutation frequencies in a 
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cell or an organism or by the inventive process for producing a cell 
or an organism with reduced spontaneous mutation frequencies, 
wherein the cells of the organism comprise at least two mutations, 
whose combined actions lead to at least two enhanced cellular DNA 
repair mechanisms and/or enhanced cellular viability. In a preferred 
embodiment of the invention the multi-cellular organism is a fungus 
such as Saccharomyces cerevisiae or Aspergillus nidulans, a plant, 
in particular a plant with agricultural utility such as Zea mays or an 
animal, in particular a mammal, for example a mammal which can be 
used as model system for studying a given disease or the effects of 
drug candidates for the therapeutic treatment of a given disease. 

The present invention also relates to the use of the inventive organ- 
isms as host for the expression and/or production of proteins such as 
those which are of economic, medical or agricultural importance, the 
15 use of the inventive organisms for breeding or cultivating transgenic 
organisms, the use of the inventive organisms as model systems for 
studying diseases and the use of the inventive organisms as model 
system for studying the effects of candidate drugs. 

The technical problem underlying the present invention is also 
20 solved by providing a process for the generation of an expression 
system for a protein wherein the amino acid sequence of the protein 
is stabilized against spontaneously occurring mutations comprising: 

a) inserting a nucleic acid sequence encoding the protein into 
the genome of a host cell, that contains at least two mutations 
25 whose combined actions lead to an enhanced capability of at 

least two cellular DNA repair mechanisms to repair spontane- 
ously occurring mutations, under the functional control of one 
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or more regulatory units allowing an inducible or constitutive 
expression of the protein, or 

b) inserting a nucleic acid sequence encoding the protein into a 
vector under the functional control of one or more regulatory 
5 units allowing an inducible or constitutive expression of the 

protein and transferring the vector into a host cell, that con- 
tains at least two mutations whose combined actions lead to 
an enhanced capability of at least two cellular DNA repair 
mechanisms to repair spontaneously occurring mutations and 

10 c) culturing and/or maintaining the host cell in an appropriate 
medium. 

The present process for the generation of an expression system for 
a protein is in particular directed to the generation of a host ceil in 
which the expression of the protein can take place and which is 

15 characterized by very iow spontaneous mutation rates, in particular 
lower than in other host cells known. The expression system gener- 
ated by the inventive process therefore secures that the probability 
is greatly reduced that a nucleotide sequence encoding a given pro- 
tein and thus the amino acici sequence of that protein will be 

20 changed by mutations. The expression system which is provided by 
the inventive process and based on the inventive host eel! with low 
spontaneous mutation rates and enhanced cellular viability therefore 
can be used for the expression and generation of such proteins 
whose integrity shall be secured on a long-term scale. The inventive 

25 expression system can especially be used for such proteins which 
shall be used for therapeutic purposes and in which any changes to 
the amino acid sequence, for example such that lead to an changed 
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biological activity of the protein or alter the antigenic properties of 
the protein, could have adverse effects on the therapeutic benefit of 
the protein. The present process for the generation of an expression 
system is therefore useful in avoiding even minimal contaminations 
5 in a protein preparation to be generated by mutated, aberrant pro- 
teins. Advantageously, the expression system which is provided by 
the inventive process and based on the inventive host cell with low 
spontaneous mutation rates can be used for the long-term mainte- 
nance of nucleotide sequences encoding a particular protein obviat- 
10 ing the need of regular examinations by sequencing in order to de- 
termine whether the sequence of the nucleotide sequence has al- 
tered or not. 

In the context of the present invention "expression system" means in 
particular a cellular system which allows the efficient expression of a 

15 given protein, i.e. the production of high amounts of the protein in a 
cell, in particular "expression system" relates to a cellular environ- 
ment enabling the transcription of a nucleotide sequence encoding 
the protein desired into a complementary RNA sequence, the splic- 
ing of the RNA sequence in order to remove non-coding sequence 

20 parts and the translation of the coding RNA sequence parts thus ob- 
tained into the polypeptide chain of the protein. "Expression system" 
can also relate to a cellular environment enabling post-translational 
processing steps such as glycosylation of the protein or removal of 
an existing leader sequence from the protein. "Generation of an ex- 

25 pression system" therefore means, that the nucleotide sequence en- 
coding the protein desired has to be functionally linked to appropri- 
ate regulatory units which control and direct the expression of the 
encoded gene product in a given cellular environment and that an 
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appropriate host cell has to be provided in which the regulatory units 
used will function such that an optimum expression of the protein is 
achieved. 

According to the invention the reduced spontaneous mutation rates 
5 and enhanced viability in a host ceil used in a system for the expres- 
sion of a protein are obtained by the use of at least two mutations, 
the combined actions of which lead to an enhanced capability of at 
least two cellular DNA repair mechanisms to repair spontaneously 
occurring mutations in any nucleic acid present within the .host cell. 

10 In particular these at least two mutations enhance the capability of 
the mismatch repair system, the proof-reading function and/or the 
SOS repair system to repair spontaneously occurring mutations. In 
preferred embodiments of the invention these mutations are selected 
from a mutation leading to an upregulation of the expression of the 

15 MutL protein or a homologous protein thereof, a mutation leading to 
an upregulation of the expression of the MutS protein or a homolo- 
gous protein thereof, an antimutator allele of a gene encoding DNA 
polymerase IV or a homologous protein thereof and an antimutator 
allele of a gene encoding a subunit of DNA polymerase fli or a ho- 

20 mologous protein thereof. 

In one embodiment of the invention the upregulation of the expres- 
sion of MutL or a homologous protein thereof and the upregulation of 
the expression of MutS or a homologous protein thereof, respec- 
tively, can be achieved by introducing a vector into the host cell, 
25 whereby the vector comprises the mutL gene or a gene encoding a 
homologous protein thereof and the mutS gene or a gene encoding 
a homologous protein thereof, respectively, under the functional con- 
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trol of one or more regulatory units allowing an overexpression of the 
respective Mut protein in comparison to a corresponding wild-type 
host cell. Preferably, the vector used for overexpression of either the 
MutL or MutS protein is a multi-copy piasmid, which comprises the 
5 respective mut gene under the functional control of one or more 
regulatory units, in a preferred embodiment of the invention the 
regulatory unit controlling the overexpression of the respective mut 
gene can be an inducible or constitutive promoter. 

In another embodiment of the invention the upregulation of the ex- 
10 pression of MutL or a homologous protein thereof and the upregula- 
tion of the expression of MutS or a homologous protein thereof, re- 
spectively, can be achieved by either introduction of one or more 
additional copies of the respective mut gene into the chromosome(s) 
of the cell or by one or more mutations to the regulatory units direct- 
15 ing the transcription of the native chromosomal ly located mut gene 
such that in the cell in comparison to a corresponding wild-type celt 
a higher production of the respective Mut protein is effected. 

In a preferred embodiment of the invention the antimutator allele of 
the gene encoding DNA polymerase IV is dinBiO. In another pre- 
20 ferred embodiment the antimutator allele of the gene encoding the 
subunit of DNA polymerase 111 is o7ja£91 1 . 

According to the invention the expression system generated can be 
used for the expression of any protein. In the context of the present 
invention the term "protein" is a molecule that comprises at least two 
25 amino acids connected by an amide linkage. Therefore, according to 
. the invention the term "protein" also includes a peptide, for example 
an oligopeptide, a polypeptide or a part of a naturally occurring pro- 
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tein such as a domain. The amino acid sequence of the protein to be 
expressed can be that of a naturally occurring protein, i.e. can have 
a wild-type sequence. Of course the protein to be expressed by the 
expression system can have an amino acid sequence which is ai- 
5 tered in comparison to that of a wild-type protein, for example by a 
different amino acid composition and/or by a different length. In 
comparison to the wild-type protein the protein to be expressed can 
therefore have different amino acid residues at one or more posi- 
tions. In comparison to the wild-type protein the protein to be ex- 

10 pressed can be truncated or elongated. Furthermore, the protein to 
be expressed can possess characteristics which differ from that of 
the corresponding witd-type protein. These different features can 
relate to an altered thermostability, a different substrate specificity, a 
different activity, altered or new catalytic sites eta, without being 

15 restricted thereto. The protein to be expressed can also be a fusion 
protein comprising two or more individual polypeptides or comprising 
in addition one or more domains of a second polypeptide. Such al- 
terations or mutations of the protein can be obtained by suitable ma- 
nipulations of the nucleotide sequence encoding the protein known 

20 in the art before the protein-encoding nucleotide sequence is in- 
serted into the genome of the host cell with reduced spontaneous 
mutation rates or into a vector, which is afterwards introduced into 
that host cell. In a preferred embodiment of the invention the protein 
to be expressed is a recombinant protein, i.e. a protein altered by 

25 genetic engineering procedures and/or DNA recombination tech- 
niques. 

In preferred embodiments of the invention the protein to be ex- 
pressed can be an enzyme, which can be utilized for the industrial 
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production of natural and non-natural compounds. Enzymes or those 
compounds produced by the help of enzymes can be used for the 
production of drugs, cosmetics, foodstuffs, eta. The protein to be 
expressed can also be a substance, that has therapeutic applica- 
5 tions in the fields of human and animal health. Important classes of 
medically important proteins for example include cytokines and 
growth factors. 

According to the inventive process the nucleic acid sequence encod- 
ing the protein is inserted either into the genome or into a vector un- 

10 der the functional control of one or more regulatory units. Regulatory 
units that control and direct the expression of a gene and a gene 
product, respectively, include, without being restricted to, promoters, 
ribosome binding sites, enhancers, silencers, polyadenylation sites 
and/or a S'-transcription terminators. Regulatory units can also corn- 

15 prise leader or signal sequences directing the protein expressed to a 
given compartiment of the host cell or out of the cell. The use of 
such regulatory units depends on the type of the host cell used. 
Regulatory units which can be used in a given prokaryotic or eu- 
karyotic host cell are well known (see for example Sambrook et aL y 
20 Molecular cloning: A Laboratory Handbook, second edition (1989), 
Cold Spring Harbor Laboratory Press, NY, USA). 

In a preferred embodiment the nucleotide sequence encoding a pro- 
tein is cloned into a vector. Preferably plasmids, bacteriophages, 
viruses or cosmids are used as vector. Those skilled in the art also 
25 know a large number of suitable vectors for either eukaryotic or pro- 
karyotic host cells which can be used for the introduction of the pro- 
tein-encoding: nucleotide sequence into a given host cell 
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Furthermore, the person skilled in the art knows numerous proce- 
dures for cloning a protein-encoding nucleotide sequence such, that 
it is functionally linked to regulatory units, and for introducing nucleo- 
tide sequences into a host cell (see for example Sambrook et aL, 
5 1989). 

A further aspect of the present invention relates to a process for the 
production of a protein wherein the amino acid sequence of the pro- 
tein is stabilized against spontaneously occurring mutations compris- 
ing: 

10 a) inserting a nucleic acid sequence encoding the protein into 
the genome of a host cell, that contains at least two mutations 
whose combined actions lead to an enhanced capability of at 
least two cellular ONA repair mechanisms to repair spontane- 
ously occurring mutations, under the functional control of one 

15 or more regulatory units allowing an inducible or constitutive 

expression of the protein, or 

b) inserting a nucleic acid sequence encoding the protein into a 
vector under the functional control of one or more regulatory 
units allowing an inducible or constitutive expression of the 

20 protein and transferring the vector into a host ceil, that con- 

tains at least two mutations whose combined actions lead to 
an enhanced capability of at least two cellular DNA repair 
mechanisms to repair spontaneously occurring mutations, 

c) culturing the host cell in an appropriate medium under condi- 
25 tions allowing the expression of the protein, and 
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d) isolating the protein expressed. 

Depending on whether the nucleic acid sequence encoding the pro- 
tein is functionally linked to a leader or signal -sequence the protein 
expressed is transported to a certain cell organelle, a certain cell 
5 cornpartiment, the extracellular space or into fihe medium in which 
the cells are cultivated. Therefore, the protein aan either be accumu- 
lated within the cetf or is secreted out of the call. In a preferred em- 
bodiment of the inventive process for the protein production the pro- 
tein is therefore isolated from the medium. In another preferred em- 
10 bodiment of the inventive process for the production of a protein the 
protein is extracted from the host cell, for example from a certain cell 
organelle. Also, the person skilled in the art knows numerous proto- 
cols for the isolation of a protein from a cell, a ceH organelle or from 
medium. 

15 According to the invention any eukaryotic or prokaryotic cell can be 
used as host cell for expression or generation of a protein. Particu- 
larly preferred examples include fungal cells, ar*imal cells, plant cell, 
archaebacteria, cyanobacteria, gram^positive bacteria and granv 
negative bacteria. 

20 The present invention also relates to a protein obtainable by the in- 
ventive process for the production of a protein. 

Another aspect of the present invention relates to a process for the 
production of a fermentation product by cultivating a cell producing 
the fermentation product and/or at least one enzyme involved in the 
25 formation of the fermentation product in a medium wherein the ge- 
nome of the cell is stabilized against spontaneously occurring se- 
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quence changes by at least two mutations whose combined actions 
lead to an enhanced capability of at least two cellular DNA repair 
mechanisms to repair spontaneously occurring mutations. 

Therefore, the inventive process is directed to the use of a cell for 
5 fermentative purposes, i.e. for producing a fermentation product, 
whereby the genome of the cell is stabilized against spontaneously 
occurring sequence changes and therefore exhibits very low sponta- 
neous mutation rates. Furthermore, the cell used has an improved 
cellular viability. By the use of cells with reduced spontaneous muta- 

1 0 tion rates the inventive process secures that the probability is greatly 
reduced that a nucleotide sequence encoding a given protein and 
thus the amino acid sequence of that protein will be changed by mu- 
tations. Since these cells exhibit a greatly enhanced cellular viability 
the use of these cells furthermore secures that no perturbations oc- 

15 cur during the fermentation process and that a high productivity of 
the fermentation product is obtained. 

In the context of the present invention the term "fermentation" in- 
cludes any process for the production of a defined product due to the 
anaerobic or aerobic metabolism of microbes, fungal cells, plant 

20 ceils or animal cells or by the use of enzymes from such cells, which 
can be isolated and/or purified and/or immobilised. "Fermentation" 
includes all enzymatic-chemical alterations of an organic substrate 
caused by the action of one or more enzymes of microbial, plant, 
fungal and/or animal cells. The fermentation product desired can be 

25 produced within the cell itself, for example due to the expression of a 
protein or as a result of the metabolism of the cell, whereby the fer- 
mentation product can be accumulated within the cell or can be 
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transported out of the cell into its environment, or the cell produces 
one or more enzymes which upon secretion outside of the cell cata- 
lyse the conversion of a substrate present in the medium to the fer- 
mentation produced desired. In case that the fermentation product is 
5 a nucleic acid or a protein encoded by a nucleic acid the inventive 
process is useful for avoiding even minimal contaminations of the 
fermentation product by mutations and therefore secures a long-term 
integrity of the fermentation product. In case that the generation of 
the fermentation product is due to the action of one or more enzymes 
10 produced by the cell, the inventive process is useful to maintain the 
integrity of the respective enzymes and thus to maintain the specific- 
ity and effectiveness of those metabolic processes leading to the 
generation of the fermentation product. 

The inventive process for the generation of a fermentation product 
15 can also be useful to maintain the integrity of gene clusters andfor 
the gene products encoded by such a gene cluster, which are in- 
volved in a pathway, and thus to maintain the specificity and effec- 
tiveness of that pathway in which the gene products encoded by 
such a gene cluster are involved. Examples for such a gene cluster 
20 include, without being restricted to, the polyketide synthases (PKSs) 
cluster. Polyketide metabolites are a large group of natural products 
generated by bacteria such as actinomycetes and myxobacteria and 
fungi with diverse structures and biological activities. Complex poiy- 
ketides are produced by multifunctional PKSs involving a mechanism 
25 similar to long-chain fatty acid synthesis in animals. Studies on the 
erythromycin PKS in Saccharopolyspora erythraea revealed a modu- 
lar organization. Complex polyketide synthesis follows a processive 
reaction mechanism, wherein each module within a PKS harbors a 
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string of three to six enzymatic domains that catalyse reactions in 
nearly linear order. 

According to the invention the reduced spontaneous mutation rates 
and the high cellular viability in the cell used for fermentation pur- 
5 poses are obtained by the use of at least two mutations, the com- 
bined actions of which lead to an enhanced capability of at least two 
cellular DNA repair mechanisms to repair spontaneously occurring 
mutations in any nucleic acid present within the ceif. In particular 
these at least two mutations enhance the capability of the mismatch 

10 repair system, the proof-reading function and/or the SOS repair sys- 
tem to repair spontaneously occurring mutations of the cell. In pre- 
ferred embodiments of the invention these mutations are selected 
from a mutation leading to an upregulation of the expression of the 
MutL protein or a homologous protein thereof, a mutation leading to 

15 an upregulation of the expression of the MutS protein or a homolo- 
gous protein thereof, an antimutator allete of a gene encoding DNA 
polymerase IV or a homologous protein thereof and an antimutator 
allele of a gene encoding a subunit of DNA polymerase HI or a ho- 
mologous protein thereof. 

20 In one embodiment of the invention the upregulation of the expres- 
sion of MutL or a homologous protein thereof and the upregulation of 
the expression of MutS or a homologous protein thereof, respec- 
tively, can be achieved by introducing a vector into that cefi used for 
fermentation, whereby the vector comprises the mutL gene or a gene 

25 encoding a homologous protein thereof and the mutS gene or a 
gene encoding a homologous protein thereof, respectively, under the 
functional control of one or more regulatory units allowing an over- 
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expression of the respective mut protein in comparison to a corre- 
sponding wild-type host cell. Preferably, the vector used for overex- 
pression of either the MutL or MutS protein is a multi-copy plasmid, 
which comprises the respective mut gene under the functional con- 
5 trol of one or more regulatory units. In a preferred embodiment of the 
invention the regulatory unit controlling the overexpression of the 
respective mut gene can be an inducible or constitutive promoter. 

In another embodiment of the invention the upregulation of the ex- 
pression of MutL or a homologous protein thereof and the upregula- 

10 tion of the expression of MutS or a homologous protein thereof, re- 
spectively, can be achieved by either introduction of one or more 
additional copies of the respective mut gene into the chromosome(s) 
of the ceil or by one or more mutations to the regulatory units direct- 
ing the transcription of the native chromosomally located mut gene 

15 such that in the cell in comparison to a corresponding wild-type cell 
a higher production of the respective Mut protein is effected. 

In a preferred embodiment of the inventive process the antimutator 
allele of the gene encoding DNA polymerase IV is dinBIO. In another 
preferred embodiment the antimutator allele of the gene encoding 
20 the subunit of DNA polymerase ill is dnaEQ-\ 1 . 

According to the invention the presence of dinBIO and o7?a£911 
within a ceil used for fermentation purposes reduces the spontane- 
ous mutation frequencies of that cell in comparison to a wild-type cell 
at least 10-fold. The presence of dinBIO and o7?aE911 within a cell, 
25 which furthermore overexpresses the mutL protein, reduces the 
spontaneous mutation frequencies in that cell in comparison to a 
wild-type cell at least 50-fold. 
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The fermentation products obtained by the inventive process can be 
primary metabolites or secondary metabolites of the ceil. Primary 
metabolites are those substances which are synthesized by the liv- 
ing cell and which are necessarily required by the cell for the forma- 
5 tion of cell structures and for maintaining metabolic processes. In 
contrast to primary metabolites secondary metabolites are those 
compounds, in particular low molecular compounds, synthesised by 
the cell which are not necessarily required for maintenance of the 
cell's functions. !n general secondary metabolites can confer to the 

10 ceil or organism a selective advantage in a particular environment. 
The fermentation products obtained by the inventive process can be 
the product of an fermentation in the classical sense, i.e. the enzy- 
matic degradation of carbohydrates with oxygen exclusively effected 
by microbes, such as the products of an alcoholic fermentation, lac- 

15 tic acid fermentation, propionic acid fermentation etc. . 

Examples of fermentation products include, without being restricted 
to, nucleic acids, nucleosides, nucleotides, proteins, amino acids, 
organic acids, alcohols, carbohydrates, vitamins, antibiotics and al- 
kaloids. 

20 In preferred embodiments of the invention the fermentation products 
are nucleic acids, in particular such with therapeutic usability, for 
example nucleic acids which shall be used as vaccine. 

In the context of the invention „nucleic acids" are molecules which 
comprise at least two nucleotides linked by a phosphodiester trnk- 
25 age. The term "nucleic acid" therefore also means an oligonucleo- 
tide. A nuclec acid can either be a DMA or a RNA. The nucleic acid 
can be single-stranded or double-stranded. 
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In preferred embodiments of the invention the fermentation products 
are proteins, in particular enzymes or proteins with therapeutic us- 
ability, or portions thereof, such as domains. Preferred examples of 
enzymes. Preferred examples of an enzyme include, without being 
5 restricted to, proteases, amylases, pectinases and glucose- 
isomerases. Preferred examples of proteins with therapeutic usability 
include, without being restricted to, cytokines such as interferons, 
interleukins, growth factors, coagulation factors, antibodies etc.. 

Preferred examples of organic acids include, without being restricted 
10 to, citric acid, lactic acid or acetic acid. Preferred examples of alco- 
hols include, without being restricted to, ethanol, propanol and bu- 
tanof. Preferred examples of carbohydrates include, without being 
restricted to, sugars such as sucrose, maltose or palatinose or sugar 
alcohols such as xylftol or maftitol. Preferred examples of vitamins 
15 include, without being restricted to, vitamin B12 or riboflavine. Pre- 
ferred examples of antibiotics include, without being restricted to r 
penicillin, cephalosporin, streptomycin, a polyketide antibiotic such 
as erythromycin etc.. 

The fermentation product can be isolated either from the fermenting 
20 cells or from the medium used for cultivation. 

Therefore, the present invention also relates to a fermentation prod- 
uct obtainable by the inventive process for the production of a fer- 
mentation product. 

In the inventive process for the generation of a fermentation product 
25 both eukaryotic and prokaryotic cells can be used. In a preferred 
embodiment of the inventive process for the production of a fermen- 
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iation product the eukaryotic cell used is a fungal cell, an animal cell 
or a plant cell. Preferably, the prokaryotic ceil used in the inventive 
process for the production of a fermentation product is a cyanobac- 
terium, archaebacterium, a gram-positive bacterium or a gram- 
5 negative bacterium. 

Of course it is possible to use any cell in the present process for the 
generation of a fermentation process, that has in comparison to a 
corresponding wild-type cell a, preferably greatly, reduced sponta- 
neous mutation rate. In particular the use of that cells or organisms 
10 is preferred, whose spontaneous mutation frequencies have been 
reduced by the inventive process for reducing spontaneous mutation 
rates or which have been generated by the inventive process for 
generation of a cell or organism, with reduced spontaneous mutation 
frequencies. 

15 In a preferred embodiment of the inventive process the cell is culti- 
vated in a suitable liquid medium. The artisan knows numerous liq- 
uid media in which cells, for example prokaryotic cells or eukaryotic 
cells, can be cultivated in order to produce a fermentation product. 
According to the invention the cell can be cultivated either in a con- 

20 tinuous culture or in a batch culture. A batch culture is a culture, 
which starts from a liquid medium seeded with cells, whereby during 
the cultivation the medium is not continuously exchanged and op- 
tionally only a gas such as oxygen is introduced. The batch culture 
can be a fed batch culture in order to circumvent a catabolic repres- 

25 sion of the product formation. In case of a fed batch culture therefore 
the consumption of substrate such as a given sugar will be compen- 
sated by the delivery of additional amounts of that substrate. A con- 
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tinuous culture is a culture, wherein the culture is only once inocu- 
lated with cells and afterwards depending on the increase in cell 
mass or accumulation of the product the culture medium consumed 
is continuously replaced with fresh medium, whereby the fermenta- 
5 tion product together with medium consumed and optionally cells are 
simultaneously removed from the culture. Continuous cultures can 
be carried out in fermenting tanks. 

In a preferred embodiment of the invention the cells can be present 
in the culture in immobilised form. In another embodiment of the in- 
10 ventive process the cell is cultivated on a solid or semi-solid medium. 

In a preferred embodiment the present invention relates to an organ- 
ism, in particular a prokaryotic organism, most preferably an Esche- 
richia coli strain, which is selected from the group consisting of: 

E. coli MG1655dinB10 containing plasmid pmutL (DSM 17016), 

15 E. coli MG1655dinB10 mutL.Xet containing plasmid pmutL (DSM 

17017) , 

E. coli MG1655 dnaE zae::cm containing plasmid pmutL (DSM 

17018) , 

E. coli MG1655 dnaE zae::cm mutL\Xe\ containing plasmid pmutL 
20 (DSM 17019), 

E. coli MG1655dinB10 dnaEzae::cm (DSM 17015), 

E. coli MG1655dinB10 dnaE zae::cm mutLiXet (DSM 17014), 

E. coli MG1655dinB10 dnaE zae::cm containing plasmid pmutL 
(DSM 17020) and 

25 E. coli MG1655dinB10 dnaE zae::cm mutLXet containing plasmid 
pmutL (DSM 17021). 

The above-identified microorganisms have been deposited according 
to the Budapest Treaty with the DSMZ (Deutsche Sammlung fur Mi- 
kroorganismen und Zellkulturen GmbH in Braunschweig, Germany) 
30 on the 3 rd of January 2005 under the above-identified DSM-numbers. 

The present invention is illustrated by the following sequence listing, 
figures and examples. 
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Figure 1 shows the physical structure of plasmid pmutL, which has in. 
principal the same structure as plasmid pmutS. 

Figure 2 is a graphical representation of the values of spontaneous 
mutation frequencies to rifampicin resistance in wild-type, dinBIO, 
5 dnaE91 1 , dinB\ 0 d/7aE91 1 , mutL', mutL dinBI 0, mutL' dnaEW 1 and 
mutL' dinBIO o7?aE91 1 strains. As the figure shows, the mutability is 
strongly suppressed by the expression of MutL. Data are presented 
as SMF values. Plasmid pmutL is a mutL* derivative of plasmid 
pTrcHis2/lacZ. Wild-type strain MG1655 (wt) was chosen for the 

10 whole set of genetic manipulations. Relevant genotypes are indi- 
cated. Columns are divided into triplets, wherein each triplet shows 
the same genotype and is composed of a) first column: bacterial 
strain, b) corresponding bacterial strain carrying plasmid 
pTrcHis2/lacZ, and c) corresponding bacterial strain carrying plasmid 

15 pmutL. 

Figure 3 is a graphical representation of the values of spontaneous 
mutation frequencies to rifampicin resistance in wild-type, dinBIO, 
d/7aE911, dinBIO d/?aE911, mutST, mutS' dinBIO, mutS' dSna£911 
and mutS' o7/?S10 cfr?aE911 strains. The figure shows the suppres- 
20 sion of the mutability in a mutS' background by dinBIO, dnaE91 1 and 
dinBIO dnaE911. Data are presented as SMF values. Relevant 
genotypes are indicated. 

Figure 4 shows the physical structure of plasmid pdapAIF (A) and 
plasmid pSU40dapA (B). 

25 Figure 5 shows the strategy for generating plasmid pSU40mutL. 

Figure 6 is a graphical representation of the reversion of dapA point 
mutations in strains Top10 (wild-type; dapA*), MG1655 dinBIO 
dapA::kn (dapA), AT997 (dapA15, dapA~), AT997 pdapAIF pTrc 
(dapA + ), AT997 pdapAIF pmutL (dapA*), AT997 pdapA+1 pTrc 

30 (dapA-), AT997 pdapA+1 pmutL (dapA~), MG1655 dinBIO dapA::kn 
pdapA15 pSU40 (dapA"). MG1655 dinBIO dapAv.kn pdapA15 
pSU40mutL (dapA"). The figure shows the suppression of the muta- 
bility by the expression of MutL. The values of mutations are pre- 
sented that confer resistance to DAP divided by the total number of 

35 viable cells. Plasmid pmutL is a mutL* derivative of plasmid 
pTrcHis2/lacZ or pSU40. Wild-type strain MG1655 (wt) was chosen 
for the whole set of genetic manipulations. Relevant genotypes are 
indicated. The figure is divided into a triplet of controls and three 
duplets of strains investigated. Each duo is composed of a) first col- 

40 
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umn: bacterial strain carrying a parental vector and b) bacterial 
strain carrying the mutC derivative. All bacterial strains used are 
expressing chromosomal wild-type MutL. 

Figure 7 shows derivatives of plasmid pXX7. 

5 A) Cloning of a chloramphenicol cassette into pXX7 whereby 
plasmid pXX7cm was obtained. Nine of the obtained clones 
were analysed by restriction digestion with EcoRI and Nco\ 
(expected fragments: 1677 bps and 3292 bps). All of the 
tested clones showed the correct migration pattern. 

10 B) Cloning of a silent tetA gene into plasmid pXX7 whereby 

plasmid pXX7tet was obtained. Twenty-four of the obtained 
clones were analysed by restriction digestion with EcoRI (ex- 
pected fragments: 4141 bps and 3113 bps). One of the tested 
clones showed the correct migration pattern. 

15 Figure 8 shows spontaneous mutation frequencies to rifampicin re- 
sistance of strains JM83 pXX7, JM83 pXX7 pTrc and JM83 pXX7 
pmutL. Plasmid pmutL is a mutC derivative of plasmid pTrc. SMF 
values are given of rifampicin resistant versus total number of viable 
cells. Wild-type strain JM83 expresses chromosomal wild-type MutL. 

20 Figure 9 shows the values for spontaneous mutation frequencies to 
phosphomycine resistance of strains JM83 pXX7, JM83 pXX7 pTrc 
and JM83 pXX7 pmutL. Plasmid pmutL is a mutC derivative of 
plasmid pTrc. SMF values are given of phosphomycin resistant ver- 
sus total number of viable cells. Wild-type strain JM83 expresses 

25 chromosomal wild-type MutL. 
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Figure 10 shows the number of cm R colonies due to spontaneous 
mutation frequencies in the chloramphenicol resistance reporter 
gene for strains JM83 pXX7cm, JM83 pXX7cm pTrc and JM83 
pXX7cm pmutL. Plasmid pXX7cm is the cm* derivative of pXX7. 
5 Plasmid pmutL is a mutL* derivative of pTrc. Presented are the val- 
ues of mutations that introduce sensitivity to chloramphenicol divided 
by the total number of viable cells. Control strains JM83pXX7, 
JM83pXX7 pTrc and JM83pXX7 pmutL show the expected sensitivity 
to chloramphenicol (carrying no chloramphenicol resistance gene). 

10 

Figure 1 1 shows the number of tet R colonies due to spontaneous 
mutation frequencies in the silent tetA reporter gene for strains JM83 
pXX7tet, JM83 pXX7tet pTrc and JM83 pXX7tet pmutL. Plasmid 
pXX7tet is a derivative of pXX7 carrying a silent tetA. Plasmid pmutL 

15 is a mutL* derivative of pTrc. Presented are the values of mutations 
that introduce resistance to tetracycline divided by the total number 
of viable cells. Control strains JM83pXX7, JM83pXX7 pTrc and 
JM83pXX7 pmutL show the expected sensitivity to tetracycline (car- 
rying no tetracycline resistance gene). For the two strains JM83 

20 pXX7 and JM83 pXX7tet the mutability values were 0.43 or 0,39 
(A1.1). Expression of MutL drops the value of mutability to 0.25 
(A1.72). 

Figure 12 shows the mutability of the modified producer strain JM83 
pXX7cm during "fermentation conditions". As shown the frequency of 
25 chloramphenicol resistance of the cells when G-CSF is suppressed 
(A) or expressed (B). In each tested case, MutL was chromosomally 
expressed. Control strains JM83 pXX7, JM83 pXX7pTrc and JM83 
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pXXTpTrc pmutL show the expected sensitivity to chloramphenicol in 
case (A) and (B). 

Figure 13 shows the mutability of the modified producer strain JM83 
pXX7tet during "fermentation conditions". The figure shows the fre- 
5 quency of tetracycline resistance of the ceils when G-CSF is sup- 
pressed (A) or expressed (B). In each tested case, MutL was chro- 
mosomal ly expressed. 

SEQ ID No. 1 and 2 show the sequences of the primers MutLNcolhin 
and MutLXholher, respectively, for the amplification of a DNA frag- 
10 ment encoding the MutL proiein. 

SEQ ID No. 3 and 4 show the sequences of the primers MutSBam- 
Hlhin and MutSXhoIher, respectively, for the amplification of a DNA 
fragment encoding the MutS protein. 

SEQ ID No. 5 to SEQ ID No. 10 show the sequence of the primers 
15 tiapABamHIIF, dapABarnHI +1 , dapABamM1+2, dapAXhol, dapAE- 
coRIhin and dapAHindlliher, respectively, for the amplification of a 
DNA fragment encoding the DapA protein. 

SEQ ID No. 1 1 and 12 show the sequences of the primers cmBbvGl- 
hin and cmAhdiher, respectively, for the amplification of a DNA 
20 fragment encoding chloramphenicol resistance. 
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Example I 

Determination of spontaneous mutation frequencies (SNIP) to 
resistance to rifampicin in different E. co// strains 

Cells of the bacteria Escherichia coli are normally sensitive to the 
5 antibiotic rifampicin; that is, they are unable to grow on media that 
contains the antibiotic. However, mutations that confer resistance to 
rifampicin naturally occur at a low frequency in the genome of E. colL 
Thus, if one plates a large number of cells (10 8 ) on media that con- 
tains rifampicin, a few colonies will grow whereas most cells will be 

10 killed by the antibiotic. This is possible because mutations that con- 
fer resistance to rifampicin have spontaneously occurred in the ge- 
nome of the cells. The mutations are, in turn, inherited by progeny of 
the original mutant. It is important to note that this mutation is only 
beneficial in an environment wherein rifampicin is present, and it 

1 5 probably confers no advantage to the variant under most other con- 
ditions. Rifampicin is an antibiotic mostly used to treat tuberculosis 
and leprosy, and, occasionally, other diseases. Resistance is due to 
alterations in membrane permeability or to mutation in the rpoB gene 
coding for rrrRNA polymerase. Both these mechanisms originate via 

20 chromosomal mutation. However, there exist several target genes 
within the chromosome of E. co//, which can confer bacterial resis- 
tance against rifampicin. 

The frequency of spontaneous mutations that confer resistance to 
rifampicin divided by the total number of viable cells in the culture 
25 was determined to calculate the spontaneous mutation frequency 
(SMF). 
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Number of rif R mutants 
SMF = . 

Total number of viable ceils 

A) Overexpressiort of MutL in an EL coif strain that exhibits a 
strong mutator phenotpype (chromosomal deletion of mutL 
5 and/or dnaQ) and plating out the ceils on the antibiotic rifam- 
picin. 

Experimental outline 

1 . Construction of MutL and MutS overexpression plasmid 
a) Cloning mutL in pTrcHis2/lacZ 

10 This plasmid was constructed to achieve high and "controlled" ex- 
pression of MutL in E. coll. 

Genomic DNA prepared from E. coli strain MG1655 was used to am- 
plify an 1 848 bp DNA fragment encoding the MutL protein by primers 
1 (SEQ ID No. 1) and 2 (SEQ ID No. 2) (see also table 1). This PCR 
15 fragment was digested and cloned into the plasmid pTrcHis2/lacZ as 
a Nco\-Xho\ fragment to yield plasmid pmutL. The physical structure 
of plasmid pmutL is shown in Figure 1. PCR conditions were as fol- 
lows (temperature in °C/time in min): (98/10) (96/0,75; 55/0.50; 
72/2,5)35 (72/1 0); relation (Taq/Pfu) (5/1 ). 
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Six of the obtained clones were isolated and analysed by restriction 
digestion with EcoRV (expected fragments: 871 bps and 5373 bps). 
All six clones showed the correct migration pattern. 

b) Cloning mutS in pTrcHis2/lacZ 

5 This plasmid was constructed to achieve a high and "controlled" ex- 
pression of MutS in E. coil 

Genomic DNA prepared from E. coli strain MG1655 was used to am- 
plify a 2562 bp DNA fragment encoding for the MutS protein by 
primers 3 (SEQ ID No. 3) and 4 (SEQ ID No. 4) (see table 1). This 
10 PCR fragment was digested and cloned into the plasmid 
pTrcHis2/lacZ as a BamH\-Xho\ fragment to yield plasmid pmutS. 
Plasmid pmutS has in principal the same physical structure as plas- 
mid pmutL shown in Figure 1. 

PCR conditions were as follows (temperature in °C/time in min): 
1 5 (98/1 0) (96/0,75; 55/0.58; 72/3)35 (72/1 0); Herculase. 

Six of the obtained clones were isolated and analysed by restriction 
digestion with EcoRV (expected fragments: 1 186 bps and 5775 bps). 
All six clones showed the correct migration pattern. 
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Table 1 : List of primers used for amplification of DNA fragments en- 
coding the MutL and the MutS protein, respectively. 



Primer 




Sequence 


1 


MuiLNcoI- 


GATGCCATGGCGCCAATTHAariTr.TTAr'.n 




hin 


GCCACAAC 


2 


MutLXhol- 


CCGCTCGAGCCTCATCTTTnAfiftnnTTTT 




her 


ATCGCCGG 


3 


MutS- 






BamHIhin 


CGCGGATCCGAGTGCAATAnAAAATTTr.r5 






ACGCCCATA 


4 


MutSXhol- 


CCGCTCGAGCCACCAGRHTr.TTnAA^r^ 




her 


ATAAATCCAC 



5 

2. Western Blot Analysis 

a) Detection of MutL 

20 pi overnight culture of ES568 (mutf.13; Mut") pmutL was inocu- 
lated in 10 ml LB containing 0.4% glucose and ampicillin (1 00 ug/m) 

10 until an OD of approximately 0.5 was reached. To remove the glu- 
cose the celts were centrifuged and resolved in 5ml LB containing 
the required antibiotics. Adding IPTG at a final concentration of 1 
mM induced expression from P, ac of pmutL. The cultures were incu- 
bated 16 hours at 37°C than centrifuged and prepared for SDS- 

15 PAGE analysis. Western Blot analysis was done using AP conju- 
gated anti-His-tac antibodies (data not shown). 

b) Detection of MutS 

Wild-type cells of strain Top10 were transformed with the con- 
structed plasmid pmutS and the obtained transformants were puri- 
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fied. 20 ul overnight cultures of these bacteria were inoculated in 10 
m! LB containing ampicillin (100 ug/ml) and 0.4% glucose until an 
OD of approximately 0.5 was reached. To remove the glucose the 
cells were eentrifuged and resolved in 5m! LB containing the re- 
5 quired antibiotics. Adding IPTG at a final concentration of 1 mM in- 
duced expression from P /so of pmutS. The cultures were incubated 
16 hours at 37°C, than eentrifuged and prepared for SDS-PAGE 
analysis. Western blot analysis was done using AP conjugated anti- 
His-tac antibodies (data not shown). 

10 3. Growth studies 

Bacterial strains ES568 (mutL13; Mut"), MG1655o7?aQ::kn (Mut") and 
wild-type strain MG1655 (Mut*) were transformed with plasmid 
pmutL or the parental plasmid pTrcHis2/lacZ. Obtained single colo- 
nies were purified on LB agar plates containing ampicillin 100 ug/ml 
15 and then inoculated in LB containing ampicillin 100 ug/ml overnight 
at37°C. 

20jjI overnight cultures of these bacteria were inoculated in 5ml LB 
containing 0:4% glucose and the required antibiotic (ampicillin 1 00 
ug/ml; kanamycin 50 ug/ml) until an OD of approximately 0.5 was 
20 reached. To remove the glucose the cells were eentrifuged and re- 
solved in 5ml LB containing the corresponding antibiotics. Adding 
IPTG at a final concentration of 1 mM induced expression from P, ao of 
pmutL. The cultures were incubated overnight at 37°C, the cells 
were eentrifuged and the media volume reduced to 1/10 (v/v). 
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Finally, cultures were diluted and plated out on agar plates contain- 
ing either 100 ug/ml ampicillin or TOO ug/ml ampicillin plus 100 ug/ml 
rifampicin and incubated for three days at 30°C. 

Expression of MutL was confirmed by Western Blot analysis. 

5 Summary and Conclusions: It was observed that overexpression of 
MutL (in the mutL* background) reduces the frequency of spontane- 
ous mutations by a factor of about 20. A similar effect was observed 
for mutL or dnaQ cells, which exhibit a high mutation rate (data not 
shown). 

10 B) Overexpression of MutL in an E. co// strains carrying different 
combinations of dinB deletion and/or the dnaEBit antimutator 
allele. 

1. Strain construction 

a) P1 vir lysate was prepared from E. coli strain ES1484 
15 (mLtfL218::Tn10) to infect bacterial cells from the E. coli strains 
MG1655 and MG1655d//?B10. 

Preparation of P1 vir 

An aliquot of an overnight culture from the E. coli strain ES1484 
(777£rfL218::tet) was inoculated in LB containing CaCI 2 (5 mWI) at 
20 37°C. During the exponentially growing phase, Pl vlr (of the wild-type 
strain MG1655) was added. The infected culture was incubated for 
ca. 4 h at 37°C until cell lysis was observed. CHC! 3 was added, the 
lysate centrifuged, the supernatant transferred to a new tube con- 
taining CHCI 3 and stored at 4°C. 
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P1 -Transduction: 

Aliquots of overnight cultures from the host strains MG1655 and 
MG1655 dinBIO were inoculated in LB at 37°C until the exponen- 
tially growing phase was reached. Cells were centrifuged, resus- 
5 pended in JVIgSCU (c E = 10 mM) containing CaCfe (e E = 5 mM), the 
prepared P1*. lysate added and the cell mixtures incubated for 
30min at RT. Na-citrate was added (to stop the phage infection) and 
SOC as source of nutrients. After incubation for 1 h at 37°C cell ali- 
quots were plated out on agar plates containing tetracycline (12.5 
10 ug/ml). Obtained single colonies were purified, tested and isolated 
strains stocked. 

b) P1 w y lysates were prepared from dnaE strain NR10171 (o77aE911 
zae::cm) to infect bacteria celts from the E. coli strains MG1655, 
MG1655o7/7S10, MG1655/??w/L::tet and MG1 655d/>?B1 0 mutL::tet. 
15 Obtained: single colonies were purified, tested and isolated strains 
stocked. 

2. Growth studies 

Bacterial strains MG1655, MG1655d//?610, MG1655d/?a£91 1 
zae;:cm, MG1655tf/f?BT0 dnaE91 1 zae::cm, MG1655mufL::tet, 
20 MG1655d//?B10 mutLvAei, MG1655oV/?B1 0 dnaEm 1 zae::cm/77£/fL::tet 
and MG1655£///?B1 O doaE911 zae::cm mufLAei were transformed 
with plasmids pTrcHis2A or pmutL. Obtained single colonies were 
purified and inoculated in LB containing 100 ug/ml ampicillin over- 
night at 30°C. 
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20 (jl of overnight cultures of these bacteria were inoculated in 5ml 
LB containing 100 ug/ml ampicillin at 30°C. During the exponentially 
growing phase, IPTG was added at a final concentration of 1 mM to 
enhance the expression of MutL from P, ao . The cultures were kept 1 
5 hour at 30°C, then the temperature was shifted to 37°C and the cells 
were incubated overnight at 37°C. 

The cells were centrifuged and the volume of the media reduced to 
1/10 (v/v). 

Finally, cultures were diluted and plated out on agar plates contain- 
10 ing 100 ug/ml ampicillin or 100 ug/ml ampicillin plus 100 ug/ml ri- 
fampicin and incubated for three days at 30°C. 

The values for spontaneous mutation frequencies (SMF) to resis- 
tance to rifampicin are presented in table 2 and Figure 2 showing the 
suppression of mutability by the expression of MutL. 
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Table 2: SMF values of rif resistant colonies 
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Mutability (SMF values) decreases via the action of antimutators like 
c7/?B10 (deletion) or dnaE91 1 (allele) by a factor of 4 and 3, respec- 
tively. Furthermore, an additional reduction of the mutability was ob- 
served by the expression of MutL in those strains (factor 2 to 7). A 
5 bacterial strain carrying both antimutators, cfinBIQ and dnaE911, 
shows a 10 times reduced mutability in comparison to the wild type 
strain MG1655. Additional expression of MutL does not seem to 
change the mutability. 

Chromosomal deletion of the mutL gene increases drastically the 
10 mutability of the host strain about a factor of 1 0 3 . This mutability was 
reduced via antimutators dinBIO (factor 5), o7?a£911 (factor 3), 
dinBW and dnaESM; (factor 10). Additional induction of MutL drops 
the mutability up to a factor of 50 (for MG1655 mutL::tet: factor of 50; 
for MG1655drnB10 mutL::tet factor of 22; for MG1655 dnaEQ-i 1 
15 zae::cm; mutLv.tet factor of 20 and for MG1655dinB10 d/?aH911 
zae: :cm mutL: :tet: factor of 1 1 >. 

Summary and Conclusion: The antimutators 0V/7BIO and dha£911 
reduce the spontaneous mutation frequency 3- to 4-fold. The ex- 
pression of MutL in these strains further reduced this frequency 2- to 
20 7-fold. 

C) Mutability in a mutS' strain carrying different combinations of 
dinB deletion and/or the </na£911 antimutator 

To confirm the results mentioned above, the antimutator effect of 
dirtBl 0 (deletion of polymerase IV) and/or dnaE911 (allele within the 
25 coding sequence for the a-subunit of polymerase III) was tested in a 
mutS' background. 
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1 . Strain constructions 

P1 v/f lysate was prepared from E. cofi strain ES1481 
(m£/fL215::Tn10) to infect bacterial cells from the E. coli strains 
MG1655, MG1655aY/?B10, MG1655o??aE911 zae::cm and 
5 MG1655c///7B10 dnaEBM zae: :cm. Obtained single colonies were 
purified, tested and the strains stocked. 

2. Growth studies 

10u! of overnight cultures of these bacteria were inoculated in 10ml 
LB containing 12:5 ug/mt tetracycline at 30°C. During the exponen- 
1 0 tially growing phase (after 8h growth), the temperature was shifted to 
37°C and the cells were incubated overnight at37°C. 

The cells were centrifuged and the media volume reduced to 1/10 
(v/v). 

Finally, cultures were diluted and plated out on agar plates with and 
1 5 without rifampicin (1 00 ug/ml) and incubated for five days at 30°C. 

The values for spontaneous mutation frequencies (SMF) to resis- 
tance to rifampicin are presented in table 3 and Figure 3 showing the 
suppression of mutability in a mutS' background. 
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Table 3. SMF values of rif resistant colonies 



Strain 



Plasmid 



SMF (rif resis- 
tance/10' 7 ) 



MG1655 
MG1655dinB10 

MG 1 655 dnaE9 1 1 zae: : cm 
MG1655dinB10 dnaE911 



0.218 
0.145 
0.18 
0.048 



zae:: cm 



MG1655 mutS::tet 
MG1655dinB10 mutS::tet 
MG1655 dnaE911 zae::cm 
mutS::tet. 

MG1655dinB10 dnaE 



4.24 



252.67 

20.16 

24.84 



zae::cm mutS::iet 



Mutability (SMF values) decreases in the presence of antimutators 
like dinBW or dnaE91 1 (about a factor 1.5) in comparison to the 
5 wild-type. Furthermore, a bacterial strain carrying the antimutators 
dmBtO and dnaEBA 1 shows a 4.5 fold reduced mutability in com- 
parison to the wild-type MG1 655. 

Chromosomal deletion of the mutS gene increases dramatically the 
mutability in the host strain. This mutability was reduced by antimu- 
10 tators dinBW (factor 12.5), oV?aE911 (factor 10), dinBW and 
dnaE9t1 (factor 60). 
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Conclusion and summary : The antimutator effect caused by dinBI 0 
or dnaEQI 1 complements partially the Mut" phenotype caused by the 
chromosomal deletion of mutS. 

Example II 

5 Reversion of dapA mutations 

In order to study the reversion of point and frameshift mutations in a 
particularly target gene a system was used that possesses an 
auxotroph phenotype in E. coli (dapA~ strain). 

The dapA gene encodes the dihydrodipicolinate synthase which ca- 
10 talyses the condensation of L-aspartate-p-semialdehyde and pyru- 
vate to dihydropicolinic acid via a ping-pong mechanism in which 
pyruvate binds to the enzyme by forming a Schiff-base with a lysine 
residue. Bacterial cells with a mutation in the dapA gene that leads 
to an unfunctional gene product are unable to grow on media that 
1 5 does not contain DLrdiaminopimelic acid (DAP). 

MutL is expressed in a dapA' background (dapA15 (point mutation 
possesses DapA" phenotype) or dapA::kn) in the presence of plas- 
mids encoding dapAIF (the wt ORF), dapA+1 (a frameshift mutation), 
dapA+2, or dapA15 (point mutation). Revertants are detected on pla- 
20 tes lacking DL-diaminopimelic acid. 

Experimental outline 

1 . Construction of plasmids 

a) Cloning of dapA 
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Cloning dapA (dapA15), dapA^ (dapA15+1), dapA+2 (dapA15+2) 
into pTrcHis2/iacZ 

Genomic DNA prepared from E. col's strain MG1655 (wt) or AT997 
(dapA15) was used to amplify a 732 bp DNA fragment encoding for 
5 the DapA protein by primers 5 (SEQ ID No. 5), 6 (SEQ !D No. 6), 7 
(SEQ !D No. 7) and 8 (SEQ ID No. 8) (see table 4). These PCR 
fragments were digested and cloned into the plasmid pTrcHis2/lacZ 
as a BamH\-Xhol fragment to ydeJd plasmids pdapAIF, pdapA+1 and 
pdapA+2. The physical structure of plasmid pdapAIF is shown in 
10 Figure 4 A. PCR conditions were as follows (temperature in °C/time 
in min): (98/10) (96/0,75; 55/0.50; 72/2)35 (72/10); Herculase. 

In each case eight of the obtained clones were analysed by restric- 
tion digestion with BstEll (expected fragments: 1314 bps and 396-4 
bps). Collectively twenty-three of the twenty-four tested clones 
1 5 showed the correct migration pattern. 

Cloning dapA15 into pSU19 and pSU40 

Prepared genomic DNA from Er. coli strain AT997 was used to am- 
plify a 732 bp DNA fragment encoding for the DapA protein by priro> 
ers 9 (SEQ ID No. 9) and 10 <SEQ ID No. 10) (see table 4). This 
20 PCR fragment was digested and cloned into plasmids pSU19 and 
pSU40 as a H//?dll!-EcoRI fragment to yield plasmids pSU19dapA15 
and pSU40dapA15: The physical structure of plasmid pSU40dapAis 
shown in Figure 4 B. 

PCR conditions were as follows (temperature in °C/time in min) 
25 (98/1 0) (96/0,75; 55/0.50; 72/2) 35 (72/1 0); relation (Taq/Pfu) (5/1 ). 
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Ten of the observed clones were isolated and analysed by restriction 
digestion with Nhel (expected fragments: 1 122 bps and 2557 bps for 
pSU40) or Apo\ (expected fragments: 478 bps and 3192 bps). AH 
clones showed the correct migration pattern. 

5 2) Cloning of mutL 

a) Subcloning of mutL into pSU40 

Plasmid pmutL was SpHl-Xmnl digested and a 3629 bp fragment 
isolated by gel electrophoresis. Plasmid pSU40 was Sph\-Hinc\\ di- 
gested and a 2680 bp fragment isolated by gel electrophoresis. The 
10 two purified fragment were sticky-plank ligated to yield in plasmid 
pSU40mutL. The strategy for the generation of plasmid pSU40mutL 
is shown in Figure 5. 

Six of the obtained clones were analysed by restriction digestion with 
Nco\ (expected fragments: 2675 bps and 3634 bps), Pvut (expected 
15 fragments: 1368 bps and 4941 bps) and Sg/I (expected fragments: 
1828 bps and 4481 bps). Three of the six tested clones showed the 
correct migration pattern. 

b) Plasmid pmutLspec: Substitution of bla by spec 

Substitution of the ampicillin resistance gene by a spectomycin resis- 
20 tance gene in plasmid pmutL 

Prepared DNA from plasmid plC156 was Fspl-Xmnl digested and a 
1 304 bp fragment isolated using gel electrophoresis, and prepared 
DNA from plasmid pmutL was Sca\-Xmn\ digested and a 5443 bp 
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fragment isolated using gei electrophoresis. The two purified frag- 
ments were blank-blank ligated to yield plasmid mutLspec. 

Twelve of the obtained clones were analysed by restriction digestion 
with EcoRl (expected fragments: 1291 bps and 5456 bps). Two of 
5 the twelve tested clones showed the correct size. 



Table 4: List of primers used for amplification of DNA fragments en- 
coding the DapA protein 



Pri- 




Sequence 


mer 






5 


DapABamHIIF 


CGCGGATCCGTTCACGGGAAGTATTGT 






CGCGATTG 


6 


dapABamHI+1 


CGCGGATCCGCTTCACGGGAAGTATTG 






TCGCGATTG 


7 


dapABamHI+2 


CGCGGATCCGCGTTCACGGGAAGTATT 






GTCGCGATTG 


8 


DapAXhol 


CCGCTCGAGCCAGCAAACCGGCATGO 






TTAAGCGCC 


9 


DapAEcoRlhin 


C C G G AATTCC GGG C ATAC AAC AATC AG 






AAGGGTTCTGTG 


10 


dapAHindlllher 


CCCAAGCTTGGGCGAAACACCCGOAAH 



GTTTGCGAGGCG 



2. Western Blot Analysis 

10 a) Detection of DapA/DapA1 5 

Strain dapA::kn was transformed with pdapAIF, pdapA+1, pdapA+2, 
pdapA15IF, pdapA15+1 and pdapA15+2 and the observed transfer- 
mants were purified. 
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20 pi overnight cultures of these bacteria were inoculated in 10rnl LB 
containing 0.4% glucose, DL-diaminopimelic acid (100 pg/ml), am- 
picilNn (100 \jg/m\) and kanamycin (50 ngfrr\\) until an OD of ap- 
proximately 0.5 was reached. To remove the glucose one part of the 
5 cells were centrifuged and resolved in 5 ml LB containing the re- 
quired antibiotics. Adding IPTG at a final concentration of 1mM in- 
duced expression from Pj ao of the different pTrcHis2/lacZ derivatives. 
The cultures were incubated for 16 hours at 37°C, then centrifuged 
and prepared for SDS-PAGE analysis. Western Blot analysis was 
10 done using AP conjugated anti-His-tac antibodies (data not shown). 

b) Detection of MutL 

Wild-type strain Top10 was transformed with the plasmid pmutLspec 
and the obtained transformarrts were purified. 20pl overnight cul- 
tures of these bacteria were inoculated in 10ml LB containing 

15 spectinomycin (75 pg/ml) until an OD of approximately 0.5 was 
reached. The culture was divided into 5 ml aliquotes and once IPTG 
was added at a final concentration of 1 mM to induce expression of 
MutL from the promoter P /ac . The cultures were incubated for 4 h at 
37°C, then centrifuged and prepared for SDS-PAGE analysis. To 

20 proof the expression of MutL, Western Blot analysis was done using 
AP conjugated anti-His-tac antibodies (data not shown). 

3. Strain construction 

P-\ vir lysates were prepared from E. coli strain dapAr.kn to infect bac- 
terial ceils from the E. coli strains MG1655, MG1655d/nB10, 
25 MG1655cf/?aE91 1zae::cm, MG1655d//?B10 dnaE91 1zae::cm, 
MG1 eSSmutL: :tet, MG1 655c///?ST0 muiLwi&t, 
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MG1655c//?aE91 1 zae: :cm mutL::tet, MG1655d//?81 0 

dnaE9Mzae::cm mutLv.tei. Obtained single colonies were purified, 
tested and isolated strains stocked. 

4. Growth studies 

5 a) Reversion of point mutations: 

Bacterial strain AT997 (dapA15) and MG1655dinB10 dapA::kr\ were 
transformed with plasmids pTrcHis2/lacZ and pSU19dapA15, or 
plasmids pmutL and pSU19dapA15. Single colonies obtained were 
purified and inoculated in LB containing 100 ug/ml ampicillin; 30 
10 ug/ml chlormaphenicol and 50 ug/ml DAP overnight at 37°C. 

b) Reversion of frameshift mutations: 

Bacterial strain AT997 (dapA15; DapA") was transformed with plas- 
mids pSU40 and pdapAIF, plasmids pSU40mutL and pdapAIF, 
plasmids pSU40 and pdapA+1, plasmids pSU40mutL and pdapA+1, 
15 plasmids pSU40 and pdapA+2, or plasmids pSU40mutL and 
pdapA+2. Obtained single colonies were purified and inoculated in 
LB containing 100 ug/ml ampicillin; 50 ug/ml kanamycin and 50 
ug/ml DAP overnight at 37°C. 

20ul of overnight cultures of bacteria cells were inoculated in 10ml 
20 LB containing 100 ug/ml ampicillin, 50 ug/ml chloramphenicol and 50 
ug/ml DAP at 30°C. During the exponential growth phase, IPTG was 
added at a final concentration of 1 m.W to enhance the expression of 
MutL from P, ao promoter. The cultures were incubated one hour at 
30°C then the temperature was shifted to 37°C and the cultures were 
25 kept overnight at 37°C. 
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Finally, cultures were centrifuged, 9ml of media were removed, re- 
maining cells diluted and plated out on agar plates containing 100 
ug/ml ampicillin plus 30 ug/ml chloramphenicol or 100 pg/mi ampicil- 
iin plus 30 ug/ml chloramphenicol plus 50 ug/ml DAP and incubated 
5 for five days at 30°C. 

The values for reversion of dapA mutations in wild-type and MutL- 
overexpressing strains are shown in table 5 and Figure 6 showing 
the suppression of mutability via the expression of MutL. 

Table 5: dap I dap* values in wild-type and MutL ovesrexpressing 
10 strains 



Strain 


Plasmid 


dap" 

/da 

P + 


1 -Top10 (wt) 




0.8 

2 

0.0 


2-AT997 (dapA15) 




3 - MG1655dinB10 

dapAv.kn 




0 

0.0 
0 


4-AT997 (dapA15) 


pdapAIF, pSU40 


0.8 


5-AT997 (cfepA15) 


pdapAIF, pSU40mutL 


1 

0.7 


6-AT997 (dap/115) 


pdapA+1 , pSU40 


2 

0.0 
9 

0.0 
000 
98 
0.0 


7-AT997(dapA15) 

8 - AT997 (dapA1 5) 


pdapA+1, pSU40mutL 
pdapA+2, pSU40 


9-AT997 (o*apA15) 


pdapA+2, pSU40mutL 


0 

0.0 
0 



10 - MG1655dinB10 pSU19dapA (AT997); as 
QfepA::kn pTrcHis2/lacZ 7 
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11 - MG1655dinB10 pSU19dapA (AT997); pmutL 0.0 

dapA::kn . 51 

Control strains (1-3) Top10 (wt; DapA*), AT997 (dapA15; DapA"), 
and MG1655dapA:kn (DapA') show the expected dapV dap* values: 
approximately 1 for the wild-type strain (growth in the absence of DL- 
5 diaminopimelic) and 0 for the dapA" strains (no growth in the ab- 
sence of DL-diaminopimelic). 

The two strains AT997 (dapA15) pdapAIF pTrc (4) and AT997 
(dapA15) pdapAIF pmutL (5) show the expected wild-type phenotype 
as the functional dapA gene is located on the plasmid pdapAIF. 
10 Frameshift mutants (6,8) or point mutations of plasmid encoded 
dapA in a dapA (10) host should suppress the cell growth in the ab- 
sence of DAP, while reversion of the introduced mutations confer 
growth in the absence of DAP (7,1 1). 
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Summary and conclusion : In both cases (frameshift and point muta- 
tion) in the absence of MutL a higher reversion of mutation was ob- 
served. For the frameshift mutation the dap"/ dap + value drops up to 
a factor of 1000 and for the point mutation up to 10, meaning that the 
5 expression of MutL suppresses the reversion of mutations and 
thereby acting against the fixation of spontaneous mutations in the 
chromosome. 

Example 111 

Expression of MutL during "fermentation conditions" 

10 Mutability of producer strain JM83 pXX7, carrying a G-CSF expres- 
sion vector controlled by tryptophan, was analysed by A) Calculation 
of the spontaneous rate of mutation by plating out the cells on rifam- 
picilin, B) Calculation of the rate of spontaneous mutation by plating 
out the cells on phosphomycin and C) Introduction of reporter genes 

15 into producer plasmid pXX7 (encodes G-CSF). 

To B) Rifampicilin was replaced by phosphomycin, as resistance to 
phosphomycin develops more rapidly in E. coil under experimental 
conditions. Phosphomycin is a cell wall inhibitor used mainly for the 
treatment of uncomplicated lower urinary tract infections. 

20 Experimental outline 

1 Cloning 

a) Cloning of a chloramphenicol cassette into pXX7: 
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DNA prepared from plasmid pSU19 was used to amplify the DNA 
fragment encoding the chloramphenicol resistance by primers 11 
(SEQ !D No. 11) and 12 (SEQ ID No. 12) (table 6). These PGR 
fragments were digested and cloned into the plasmids pXX7 as a 
5 Bbvcl-Ahdl fragment to yield plasmids pXX7cm. The strategy for 
generating plasmid pXX7cm is shown in Figure 7A. To simplify the 
selection process only the -10 region of the "Shine Dalgarno" se- 
quence was cloned. 

PGR conditions are as follows (temperature in °C/time in min): 
1 0 (98/1 0) (96/0,75; 55/0.50; 72/1 (72/1 0); Hercuiase. 

Table 6: Primers used for amplification a DNA fragment encoding the 
chloramphenicol resistance gene 

primer Sequence 

cmBbvCI AACGCTCAGC ATAATG AAATAAG ATC ACTAC 

11 hin CGG 

12 CmAhdl- 

her CA AGACGATCTCGTCA AGATGATr.TTATTAA 
TCAGATAA 



b) Cloning of a silent fetA gene into plasmid pXX7: 

15 The selection cartridge of plasmid pGBG1 was isolated and cloned 
into plasmid pXX7 as an Msll-Smal fragment to yield plasmid 
pXX7tet (blank-blank ligation). The strategy for generating plasmid 
pXX7tet is shown in Figure 7B. 

Plasmid pGBG1 was dedicated to the isolation and characterization 
20 of mobile elements and other spontaneous mutations in a wide vari- 
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sty of gram-negative bacteria (Schneider et a/., Plasmid 44, 201-207 
(2000)). The selection cartridge, containing the mutagenesis target, 
is composed of a silent tetA gene under control of the P R promoter of 
bacteriophage A, which is repressed by the A CI repressor. Sponta- 
5 neous mutations (point mutations, deletions, and insertions) that ei- 
ther inactivate cl or eliminate the binding site of CI will derepress P R 
and therefore trigger expression of tetA. The mutagenesis target is 
ca. 1 kb long, in this case, expression of MutL should decrease the 
rate of mutations and therefore reduce the tetracycline resistance in 
10 a given host strain. 

2. Growth studies 

A) Determination of the spontaneous mutation frequency (SMF) 
in E. coUby plating out the ceils on rifampiciiin 

Bacterial strain JM83 pXX7 was transformed with plasmid 
15 pTrcHis2/lacZ (control plasmid) and pmutL. Single colonies obtained 
were purified and the cells inoculated in LB containing 50 ug/ml 
kanamycin and if required 100 ug/ml ampicillih overnight at 30°C. 
3ml of overnight cultures of these bacteria were inoculated in 100ml 
RMG containing 50 ug/ml kanamycin and if required 100 ug/ml am- 
20 picillin at 30°C. During the exponential growth phase, IPTG was 
added at a final concentration of 1 mM to enhance the expression of 
MutL from P /ac promoter of plasmid pmutL, and tryptophane was 
added at a final concentration of 100 ug/ml to induce the expression 
of G-CSF from the plasmid pXX7. One hour after induction the in- 
25 oculation temperature was shifted from 30°C to 37°C and then the 
cells were kept overnight at 37°C. 
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The ceils were centrifuged and the media volume reduced to 10mi. 

Finally, cultures were diluted and plated out on A) LBA plates, B) 
RMG plates and C) M9 plates containing: 

a) 100 ug/ml ampieillin and if required 50ug/ml kanamycin 

5 b) 100 ug/ml ampieillin, if required 50ug/ml kanamycin and 

100pg/ml rifampicin 

and incubated for three days at 30°C. 

The values for spontaneous mutation frequencies to rifampicin resis- 
tance of strains JM83 pXX7, JM83 pXX7 pTrc and JM83 pXX7 
10 pmutL are shown in Figure 8. Producer strain JM83 pXX7 shows a 
SMF value of about 0.45. This SMF value remains by additional in- 
troduction of the "empty" vector pTrc into the producer strain. But 
further introduction of pmutL into JM83 pXX7 causes a reduction of 
the SMF value when MutL is overexpressed by a factor of about 2. 

15 B) Determination of the spontaneous mutation frequency (SMF) 
in E. colt by plating out the cells on phosphomycin 

Bacterial strain JM83 pXX7 was transformed with plasmid pTrcHis2A 
and pmutL. Single colonies obtained were purified and for each 
strain (JM83 pXX7, JM83 pXX7 pTrcA and JM83 pXX7 pmutL) 20 
20 independent, unique cells inoculated in LB containing 50 ug/ml 
kanamycin and if required 100 ug/ml ampieillin overnight at 30°C. 

10ul overnight cultures of these bacteria were inoculated in 10ml 
RMG containing 50 ug/ml kanamycin and if required 100 ug/ml a m- 
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picillin at 30°C. During the exponential growth phase, IPTG was 
added at a final concentration of 1 mM to enhance the expression of 
MutL from P /ac of plasmid pmutL, and tryptophane was added at a 
final concentration of 100 ug/ml to induce the expression of G-CSF 
5 from Pfrp of plasmid pXX7. One hour after induction the inoculation 
temperature was shifted from 30°C to 37°C and then the cells were 
kept overnight at 37°C. 

The cells were centrifuged and the media volume reduced to 1ml. 

Finally, cultures were diluted and plated but on LB agar plates con- 
10 faining: 

a) 100 ug/ml ampiciilin and if required 50 ug/ml kanamycin 

b) 100 ug/ml ampiciilin, if required 50 ug/ml kanamycin and 30 
ug/ml phosphomycin 

and incubated for three days at 30°C. 

15 The values for spontaneous mutation frequencies to phosphomycine 
resistance of strains JM83 pXX7, JM83 pXX7 pTrc and JM83 pXX7 
pmutL are shown in Figure 9. Producer strain JM83 pXX7 shows a 
SMF value of about 4.9. This SMF value remains by an additional 
introduction of the "empty" vector pTrc into the producer strain. But 

20 further introduction of pmutL into JM83 pXX7 causes a reduction of 
the SMF value when MutL is overexpressed of about a factor 3. 

Summary and conclusion : Overexpression of MutL decreases muta- 
bility in the G-CSF producer strain around a factor of 3 and. height- 
ens celluiar viability up to a factor of 10 3 . 
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C) Determination of spontaneous mutation in E. coli strain 
JM83pXX7 by the introduction of reporter genes 

a) Expression of G-CSF 

b) Expression and suppression of G-CSF 

5 As G-CSF activity could not be monitored, reporter genes were in- 
troduced into plasmid pXX7. 

Mutagenesis was assayed in two different systems. In the first sys- 
tem the chloramphenicol resistance gene, which is controlled by a 
weak promoter, is used. Spontaneous mutations such as point muta- 

10 tions, deletions, and insertions, that deactivate the expression of the 
cm gene will reduce the chloramphenicol resistance. Absence of 
MutL should be reported as a reduction of the ratio of spontaneous 
mutations that confers resistance to chloramphenicol to the total 
number of viable cells in the culture. In the second system a cassette 

15 is used, that contains a silent tetA gene under the control of the P R 
promoter of bacteriophage A, and the A cl repressor, which prevents 
expression of tetA. Spontaneous mutations such as point mutations, 
deletions, and insertions, that inactivate cl or eliminate the cl binding 
site will lead to a derepresson of P R and therefore trigger expression 

20 of tetA. Expression of MutL should be reported as a reduction of the 
ratio of spontaneous mutations that confers resistance to tetracycline 
to the total number of viable cells in the culture. 

a) Expression of G-CSF 
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Bacterial strain JM83 was transformed with plasmids pXX7cm, 
pXX7cm pTrcHis2/!acZ, pXX7cm pmutL, pXX7tet, and pXX7tet 
pTrcHis2/IacZ and pXX7tet pmutL. Single colonies obtained were 
purified and cells inoculated in LB containing 50 \jg/rn\ kanamycin 
5 and if required 100 yglml ampicillin overnight at 30°C, 

10pl overnight cultures of these bacteria were inoculated in 10ml 
RMG containing 50 jjg/ml kanamycin and if required 100 pg/ml am- 
picillin at 30°C. During the exponentially growing phase, IPTG was 
added at a final concentration of 1 mM to enhance the expression of 
1 0 MutL from P /aG of plasmid pmutL, and tryptophane was added at a 
final concentration of 100 pg/ml to induce the expression of G-CSF 
from Pfrp of plasmid pXX7. One hour after induction the inoculation 
temperature was shifted from 30°C to 37°C and then the cells were 
kept overnight at 37°C. 

15 The cells were centrifuged and the media volume reduced to 1 ml. 

Finally, cultures were diluted and plated out on LB agar plates con- 
taining different antibiotics (shown in table 7) and incubated for four 
days at 30°C. 

Table 7: Used antibiotics 



Strain 



Antibiotics 



JM83 pXX7 



50Mg/ml kanamy- SO^g/ml kanamycin 
cin 30|jg/ml chloram- 

phenicol 



50pg/m! 



kanamycin 

12.5|jg/mi 

tetracy- 



JM83 pXX7 pTrcA 50|jg/ml 

kanamycin 
100|jg/ml 



50|jg/ml kanamycin 
30}jg/ml 

chloramphenicol 



cline 
50|jg/ml 



kanamycin 
12.5pg/ml 
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JM83 pXX7 pmutL 



JM83pXX7cm 



ampicillin 



50pg/mi 
kanamycin 
100jjg/nil 
ampicillin 



5Gpg/ml kanamy- 
cin 



JM83 pXX7cm 50jjg/ml 
pTrcA kanamycin 
lOOpg/ml 
ampicillin 
JM83 pXX7cm 50pg/ml 
pmutL kanamycin 
100pg/ml 
ampicillin 
JM83 pXX7tet 50Mg/ml 

kanamycin 



JM83 
pTrcA 



pXX7tet 



JM83 
pmutL 



pXX7tet 



50pg/ml kanamy- 
cin 

10Qpg/ml ampicil- 
lin 



50pg/mi kanamy- 
cin 

lOOpg/ml ampicil- 
lin 



100jjg/ml ampicillin 



50pg/ml kanamycin 

30jjg/ml 

chloramphenicol 
100jjg/ml ampicillin 



SOpg/ml kanamycin 
30pg/ml chloramphe- 
nicol 

50|jg/m! kanamycin 
30pg/ml 

chloramphenicol 
100pg/mf ampicillin 
50pg/mi kanamycin 
30pg/ml 

chloramphenicol 
100|jg/ml ampicillin 



tetracyclin 
e 

100jjg/ml 
ampicillin 
SOpg/ml 
kanamycin 
12.5jjg/ml 
tetracycli- 
ne 

100pg/ml 
ampicillin 



50pg/ml 
kanamycin 
12.5pg/ml 
tetracycli- 
ne 

SOpg/ml 
kanamycin 
12.5pg/ml 
tetracycli- 
ne 

1G0pg/ml 
ampicillin 
50pg/ml 
kanamycin 
12.5|jg/ml 
tetracycli- 
ne 

JOOfjg/mj 
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_______ ampicitlin 

The values for spontaneous mutation frequencies in the chloram- 
phenicol resistance reporter gene for strains JM83 pXX7cm, JM83 
pXX7cm pTrc and JM83 pXX7cm pmutL are shown in Figure 10. For 
the two strains JM83 pXX7cm and JM83 pXX7cm pTrc the mutability 
5 values were 0.28 or 0,35 (A1 .25). Expression of MutL decreases the 
value of mutability to 0.49 (£1 .75). This means that the expression of 
MutL suppresses the conversion of chloramphenicol resistance to 
chloramphenicol sensitivity and thereby acting against the fixation of 
spontaneous mutation in the chromosome. 

1 0 The values for spontaneous mutation frequencies in the silent tetA 
reporter gene for strains JM83 pXX7tet, JM83 pXX7tet pTrc and 
JM83 pXX7tet pmutL are shown in Figure 11. For the two strains 
JM83 pXX7tet and JM83 pXX7tet pTrc the mutability values were 
0.43 or 0,39 (A1.1). Expression of MutL drops the value of mutability 

15 to 0:25 (A1.72). This means that the expression of MutL suppresses 
the conversion of the tetracycline sensitivity to tetracycline resis- 
tance and thereby acting against the fixation of spontaneous muta- 
tions in the chromosome. 

b) Expression and suppression of G-CSF 

20 Wild-type bacteria strain JM83 was transformed with plasmids 
pXX7cm, pXX7cm pTrcHis2/lacZ, pXX7cm pmutL, pXX7tet, and 
pXX7tet pTrcHis2/lacZ and pXX7tet pmutL. Single colonies obtained 
were purified and cells inoculated in LB containing 50 ug/mi kana- 
mycin and if required 100 ug/ml ampicillin overnight at 30°C. 
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10jji overnight cultures of these bacteria were inoculated in 10ml 
RMG containing 50 ug/ml kanamycin and if required 100 ug/ml am- 
picillin at 30°C. During the exponential growth phase, IPTG was 
added at a final concentration of 1 mM to enhance the expression of 
5 MutL from the P frc promoter of plasmid pmutL. The cultures were bi- 
sected and tryptophane was once added at a final concentration of 
100 ug/ml to induce the expression of G-CSF from the P trp promoter 
of plasmid pXX7. One hour after induction the inoculation tempera- 
ture was shifted from 30°C to 37°C and then the cells were kept 
10 overnight at 37 Q C. 

The cells were centrifuged and the media volume reduced to 1ml. 

Finally, cultures were diluted and plated out on LB agar plates con- 
taining different antibiotics (see table 7) and incubated overnight at 
37°C. 

15 The mutability of the modified producer strain JM83 pXXcm during 
fermentation conditions is represented in Figure 12. In the absence 
of G-CSF, the measured frequency of chloramphenicol resistance 
shifts between 50 and 55 for JM83 pXX7cm, JM83 pXX7cm pTrc and 
JM83 pXX7cm pmutL. Induction of G-CSF drops the values for JM83 

20 pXX7tet and JM83 pXX7tet pTrc up to a factor of 3. But for strain 
JM83 pXX7 pmutL the chloramphenicol resistance remains when G- 
CSF is expressed. 

The expression of MutL suppresses the conversion of chlorampheni- 
col resistance to chloramphenicol sensitivity. MutL acts against the 
25 fixation of spontaneous mutations in the chromosome. 
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Figure 13 shows the significant increase of mutability in the modified 
producer strain JM83 pXX7 during fermentation conditions. But for 
strain JM83 pXX7 pmutL that expresses plasmid-encoded MutL the 
tetracycline resistance stays constant when G-CSF is expressed. 
5 Expression of MutL suppresses the conversion of tetracycline resis- 
tance to tetracycline sensitivity and acting against the fixation of 
spontaneous mutations in the chromosome. 

Conclusion and summary: The results obtained show that an over- 
expression of MutL decreases mutability in the G-CSF fermentation 
10 strain during the production of G-CSF around 3 fold. Furthermore it 
was found that the overexpression of MutL heightens cellular viabil- 
ity by a factor of 1 0 3 . 

The induction of G-CSF heightens the rate of spontaneous muta- 
tions in the tested producer strains about a factor 2 to 3. 
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